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4.3 SPACECRAFT OPERATIONS 

Descriptions ot Primary and Bacfcup Operational nodes 
and Operational Limitations for Raneuvers, Boll 
Reference Transfer, Attitude Determination. Spacecraft 
Power Discipline and Spacecraft TAeraal Discipline, 
are described below. 

4.3.1 aanenvers . A General Description; Coaaon 
nanenvers Strategy and Tactics; Strategy and 
Tactics oniqne to each of precession, and 
spin rate aaneuvers; and typical connand 
sequences with cor responding telemetry 
verification for each of these three types of 
maneuvers are described ahead. 

4. 3 .1.1 General Description . Spacecraft aaneuvers 
include all commanded changes in spacecraft 
attitude (via precession), or velocity (via 
translation) , or spin rate (change in angular 
momentum) . Aaneuvers are performed to establish 
and maintain attitude and spin rate during 
cruise, to correct errors in velocity (trajectory 
correction aaneuvers), ro adjust spin rate and 
attitude before and after the Large Probe is 
released, before and after Small Probes release, 
and before Bos entry . 

Execution of any one aaneuver will result in a 
deficiency or excess in the magnitude of t » 
desired aaneuver. This is doe priaarily to 
lapulse uncertainty, and is caused by variations 
in thruster (s) performance. Any one aaneuver 
will result also in saall changes as if each of 
the renaming two types of aaneuvers had been 
executed as well. These cross -coupling errors, 
as they are called, are caused not only by 
iaperfect mechanical alignment and unbalance of 
the thrusters, but also by imperfect timing in 
thruster (s) bum; and will vary as mass 
properties change due to depletion of liguid 
propellant and release of the probes. Another 
unwanted effect, nutation will also result; 
nutation is the inertial cooing notion of the 
spin axis about the angular momentum vector. 
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Strategy and tactics cos sob to tke three types of 
maneuvers ne described is Sections 4.3. 1-2 and 
4 .3.1.3 , respectively, the approach to 
maneuvers, and the significance of inpulse 
uncertainty, coupling errors and nutation are 
described in these sections. 

Each of the three types of naneuvers, including 
its unique strategy, tactics, characteristics, 
and typical conn and sequence, are detailed in 
Sections 4.3. 1.4 through 4. 3. 1.6. 

4 .3.1.2 Co an on Strategy . Strategy is the basic plan, 

independent of the spacecraft design and the 
point in the nission. Strategy coanon to the 
three types of maneuvers consists essentially of 
(1) defining the pre-nan enter conditions of 
spacecraft aechaaics and propulsion perf ornance 
paraneters, the desired post-uaneover conditions, 
and the best nay to acconplish the post-nanenner 
conditions; (2) doing the aaneuver, and (3) 
verifying the adequacy of the result. 

Specific strategy begins with determining the 
pre-vaneuver spacecraft attitude, velocity, 
position, spin rate, and notation (if any is 
present). Deternining velocity and position ate 
relatively tiae-oonsuaing for any spacecraft 
design. The degree of accuracy to which each of 
these five characteristics are to be determined 
varies according to the uaneuver type and 
required magnitude. It is souetiues constrained 
by lack, of available tine for determination, 
which in turn, nay be due to spacecraft theraal, 
power, or oouannications link performance 
constraints. 

The pre-naneuver propulsion perf ornance 
paraueters are updated next, using pre -launch 
aeasured values and any in-flight calibration 
data that aay be available. These are the 
impulse characteristics of each thruster, and the 
spacecraft uass properties. This information is 
used to define, via appropriate offline software, 
maneuver parameters, i.e., the burn duration 
(continuous or number of pulses), jet start angle 
(Dulse maneuvers), the expected cross-coupling 
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and the expected natation associated with any 
required post-maneuver conditions. 

aaneuver strategy will emphasize: (1) Minimum 
fuel usage* (2) ainiaua disturbance to the 
coaaunicat ion links* power profile* and theraal 
profile* (3) aaneuver accuracy and (4) siaple and 
safe operation* including perforaance of the 
aaneuver event in the shortest aaount of tine. 

The tine eleaent bee ones increasingly significant 
as the one-way cob auni cations tine between earth 
and spacecraft increases (one way conaunications 
tine when the Bultiprobe spacecraft is near Venus 
is approximately three ninotes* All ot the ideal 
goals are not attainable siaultaneously . Their 
relative priority of iaportance depends in part 
on the point in the aission* the condition of the 
spacecraft* and the aission iapact resulting fron 
each ideal goal that is coaproaised or oaitted. 

The aaneuver is then executed* and the result is 
assessed to determine if it is acceptably close 
to the required results. Post-aaneuver attitude* 
velocity* position* soin rate* and nutation 
should all be dete rained for the first usage of 
each thruster to refine the aodels of aass 
properties and thruster iapulse until they are 
sufficiently accurate. Subsequent post-maneuvers 
assessaents need then be only partial. If the 
result is inadequate* then the cycle should be 
repeated using revised perforaance parameters. 

4. 3. 1.3 Common Tactics . Tactics consist of the specific 

iupleaentation of the strategy, unique to the 
spacecraft design and to the point in the 
aission . 

Successful coapletion of a aaneuver requires the 
use of all the Rultiprobe*s subsystems. The 
controls subsystem supplies the attitude 
measurements and thruster control signals; the 
propulsion subsystem supplies the imoulse 
required to aove the spacecraft; the command and 
data handling subsystems process the commands 
necessary to perform the maneuver and the 
telemetry conditioning necessary to verify the 
maneuver; the communications subsystem receives 
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the coanands* tx an salts the telemetry and 
indicates certain sane aver per for nance by doppler 
shift and change in ground -received signal 
strength; and the power sabsysten supplies the 
electrical power necessary to operate all of the 
required units. 

Tactics for the Sultiprobe begin with determining 
the pre-aaneuver spacecraft attitude* spin rate* 
and nutation (if any is present) . Attitude and 
spin rate determinations are described in 
Sections 3. 3. 3.6* 3. 3. 3. 7 and 4.3.2. The 
preferred aexhod for determining attitude* via 
use of san-to-star (s) tine measurements, is 
functionally independent of the point in the 
mission* but the choice of star(s) varies during 
the nission as described in Sections 3.0 and 
4.3.2. The preferred nethod for deternining the 
spin rate is essentially independent of the point 
10 the nission* as long as the sun is within the 
POT of a sun sensor. 

Nutation will have reduced to negligible levels 
if the previous aaneuver had occurred nany hours 
ago. It should have been measured immediately 
after the previous naneuver to aid in updating 
aass properties and thrust level for the 
forthcoming maneuver. (The Nutation angle (half- 
cone angle between the spacecraft spin axis and 
the angular moment on vector about which the spin 
axis is coning) should be <1° in magnitude before 
beginning any naneuver). Telemetered 2 tine 
delay (ATT ill Z and ATTH2Z) will vary approximately 
sinusoidally vhen nutation is present. The 
equivalent spin angle delay variation can be 
converted to tbe sun aspect angle variation by 
use of the appropriate equation shown in Pigures 
3. 3. 2. 1-1 or 3.3. 2. 1-2. Resolution in sun L.O.S. 
(Line-of -Sight) angle neasureaent varies with 
spin rate and offset fron the boresight axis of 
the sun sensor. For the non in a 1 cruise attitude 
and spin rate of 15 rpn* the telenetered 
resolution of ±0.25 millisecond tine delay 
translates into a sun L.O.S. resolution ot 
±0.0230®. 
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Determination of pre-maneuver velocity and 
position is done conventionally via the onboard 
phase-lockable S-band systes and doppler 
■easurenen ts . 

Opdatxng of mass properties and impulse for 
accurate prediction of the forthcoming maneuver 
is iaportant due to the propulsion system design. 
The spacecraft uses an unregulated mass-expulsion 
propulsion system. Steady depletion of fuel 
results in decreasing pressure and corresponding 
thrust level for the thrusters (A "blowdown" 
system - refer to Figure 3. 4. 2. 1-3 through 
3. 4. 2.1-5, and Figure 3. 4.2. 3-1) . 

The arrangement of the six thrusters on the 
Hultiprobe Spacecraft is shown pictorially in 
Figures 3. 4. 1-3 and 3. 4. 1-4. Table 3. 4. 1-2 
further specifies thrusters geometry. Two of the 
six thrusters are aligned parallel to and offset 
from the spin axis. These axial thrusters, one 
called forward and the other called aft, are used 
for precession and velocity change maneuvers. 

The four remaining thrusters are aligned offset 
from and approximately perpend icnlar to the spin 
axis. These four radial thrusters are divided 
into two pairs; the plane of the thrust vectors 
of each pair is canted relative to the plane 
perpendicular to the spin axis in order to pass 
through the center of mass during a particular 
phase of the mission. In particular, radial 
thrusters S3 and R4 are canted through the center 
of mass at the time of the first trajectory 
correction maneuver and radial thrusters Rl and 
R2 are canted through the Hultiprobe center of 
mass after Large Probe separation. Each thruster 
can be operated in either the continuous or pulse 
mode. In the pulse mode, the pulse on tine can 
be either 128 milliseconds or 512 milliseconds. 
Table 4. 3. 1.3-1 details the types of maneuvers 
that can be performed with various thruster 
combinations. 

The essential significance of each mass property 
parameter and other pertinent parameters for each 
of the three types of maneuvers is shown in Table 
4. 3-1- 3-2. (The relationships are detailed in 
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later sections). Honinal mass parameters are 
listed in Table 3. 1.2-3. Tolerances on these and 
thruster related parameters are used to predict 
the expected crosscoupling errors associated with 
each candidate set ot thrusters for the 
forthcoming maneuver. 

There are a large number of possible thruster and 
thruster operating node combinations. Not all of 
the possible combinations are practical, and 
certain combinations are more advantageous than 
others for some maneuvers. There are tour 
criteria usea for selecting the thruster or 
thrusters and operating node used in a particular 
maneuver. These are efficiency, granularity, 
maneuver duration and the disturbances caused by 
the maneuver- Efficiency is defined as the size 
of maneuver that can be performed per unit of 
propellant; it is affected by spacecraft spin 
rute, mass, moments of inertia, propulsion 
subsystem pressure, cant angle of the radial 
thrusters and pulse width in the pulse mode. 

Since several of these parameters change during 
the mission, the efficiency of a given maneuver 
changes throughout the mission. Granularity is 
defined as the minimum maneuver that can be 
performed by one pulse or one second of 
continuous burn. Granularity is affected by the 
sane parameters as efficiency and thus, also 
changes throughout the mission. Maneuver 
duration is affected by the size of the maneuver, 
the granularity of the maneuver, the number of 
thrusters used, and the thruster operating mode 
used. The disturbances caused during a maneuver 
include uncertainties in the planned maneuver, 
nutation and cross -coupling of other maneuver 
types such as precession and spin speed changes 
durinq velocity change maneuvers. Disturbances 
are caused by thrust misalignments, cant angles 
of the raaial thrusters and uncertainties in 
spacecraft mass properties and thruster 
performance. Taole ft. 3. 1.3-3 lists the thrusters 
and operating modes selected for the Multiprobe 
mission and includes the efficiency and 
granularity of each maneuver. The rationale for 
these selections is discussed in the following 
paragraphs. 
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The basic nethod for performing an axial 
aanenver is to use a single axial thruster in the 
continuous node. Because the axial thrusters are 
offset fro* the spin axis, the use of a single 
axial thruster causes precession and nutation in 
addition to the desired axial AT. Coupled radial 
AV and spin speed changes are caused by 
aisalignaents and principal axis tilt. 

The axial at granularity is greater after barge 
Probe separation because the reduction in Bass 
resulting froa Large Probe sepaxation is not 
offset by the reduction in thrust due to 
pressurant blowdown. The efficiency of axial AV 
maneuvers increases after Large Probe Separation 
because the reduction in spacecraft tass is 
greater than the reduction in specific impulse 
due to propellant blowdown. 

An alternate aethod for performing an axial AV 
maneuver (pulsing a single axial jet twice per 
spin period) can be used to ainiaize attitude 
perturbations during axial ^V trims. Relative to 
the nominal continuous node, this 180° bang-bang 
mode increases maneuver duration by a factor of 
-4 and requires 10% more propellant to execute 
the same maneuver. 

A radial AT maneuver, i.e., the radial velocity 
component of a total AT maneuver, can only be 
performed in a pulse mode. The pair of radial 
thrusters canted closest to the center of mass at 
the time of the maneuver (R3 and R4 prior to 
Large Probe separation, and HI and R2 after Large 
Probe Separation) is used in order to minimize 
precession. Radial AT maneuvers tend to be 
lengthy since only one pulse pair can be fired 
per spin period. Thus, the 512 millisecond pulse 
width is used to minimize the duration of the 
maneuver. Radial AV maneuvers are less efficient 
than comparable axial aV maneuvers because of the 
lower thruster I sp in the pulse mode, the 
trigonometric loss due to the angle swept during 
the pulse on time and the trigonometric loss due 
to the cant angle of the radial thrusters. 

Because of the cant angle, there is an axial 
velocity change whenever a radial aV maneuver is 
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performed. In addition, if the thrust vector 
plane does not pass through the spacecraft center 
of nass, precession sill occur. Uncertainties in 
radial At in the desired and transverse 
direction, axial AY, spin change, precession and 
nutation all occur doe to nisalignaents and 
thruster a is Batches and perforaance 
uncertainties. 

Spin speed changes can be acconplished by firing 
a diagonally opposite pair of radial thrusters in 
the continuous node or firing a single radial 
thruster in the continuous node. The noraal 
aethod is to use the diagonally opposite pair. 
This aethcd is efficient and ainiaizes attitude 
disturbances. The single radial thruster fired 
in the continuous node is used in failure node 
situations. This nethod improves granularity but 
increases attitude disturbances. Spin thrusters 
can be pulsed at twice spin period to improve 
granularity and minimize attitude disturbances 
during spin speed trims; this node requires «10 
percent no re propellant to ezecnte the saae 
maneuver. 

Spin speed granularity is about the saae for both 
the cruise and post-Large Probe separation 
configurations because the reduction in thrust 
due to pressurant blowdown is offset by the 
decrease in spacecraft spin nouent of inertia 
after Large Probe separation. Spin aaneuvers are 
slightly aore efficient after Large Probe 
separation because tbe reduced spin aonent of 
inertia aore than offsets the degradation in 
specific iapulse. 

Attitude precession aaneuvers are always 
performed in the pulse node using one of three 
aethods: The Forward and Aft axial thrusters as 

a couple, a single axial thruster or the radial 
thruster pair that is not eligned through the 
spacecraft center of nass at the tiae of the 
aaneuver. The use of the axial couple is 
efficient and uininizes velocity disturbances. 

The single axial thruster precession aaneuver has 
the saae efficiency as the axial couple method, 
but there is an inherent axial velocity change. 
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The granularity of the single thruster maneuver 
is improved by a factor of two 

Attitude precession granularity is saaller after 
Large Probe separation because of the large 
increase in spacecraft spin rate. Precession 
efficiency is lower* however* because of the 
higher angular aoaentua state. 

Precession maneuvers can also be perforaed using 
the racial thruster pair whose thrust vector 
plane is offset fron the center of mass. This 
type of precession maneuver offers the smallest 
granularity but is only 16% as efficient as a 
precession maneuver perforaed with the axial 
thrusters. There is also a radial velocity 
change innerent in this maneuver. In addition to 
the cross-coupling errors aentioned above, each 
of these precession aaneuvers causes attitude 
disturbances and velocity changes due to 
aisalignaents and thruster performance 
uncertainties. 

A set of tnrusters and its operating mode have 
been selected for each of nominal mission 
aaneuvers. The expected performance for each 
mission maneuver is shown in Table 4.1 .1.4-1. 

The increasing one-way communications link time 
delay cited earlier is an inducement to use the 
onboard command memories for operational safety, 
wherever timing in execution of commands is 
critical. Spacecraft commanding should be gone 
in real time wherever possible, but the onboard 
command memories should be used to execute backup 
commands that will return the spacecraft to a 
safe state. Detailed descriptions of how to use 
the command memories are provided in Section 3.6. 

Detailed instructions and usage restrictions for 
structuring the ADP configure quantitative 
command for measurements and jets control during 
a maneuver event ( (ATQJ71 or ATQpA) through (ATQ12 
or ATQPL) , respectively), are contained in 
Sections 3.3 .3 .5 and 3.3.3.11, respectively. 
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The naneuver is then executed* and the result is 
assessed for accuracy. Any thruster naneuver 
also offers the opportunity for post-naneuver 
resolution betueen thruster tolerances and 
observed cross -coupling errors. 

4 . 3 . i.4 Essasgiga . flaagaisE 

4 .3. 1.4.1 gEggfiSSigft ffWCTWF The initial and 

final (desired) spin axis orientations are each 
specified by two angles referenced to a 
convenient inertial fraae. The spacecraft is 
p recessed froa the initial to the final 
orientation by applying an inertially referenced 
aoaeat noraal to the spin axis. This precession 
aoaent. is supplied by pulsing axial (or radial) 
jets that are offset froa the spacecraft center 
of nass; to obtain the proper inertial direction* 
these jets are fired at a fixed lag angle froa an 
inertial reference (sun or star) . 

A convenient inertial frane for a reorientation 
Maneuver starts with the spacecraft at the origin 
and with one axis directed towards the son 
(priaary inertial reference with stars as 
backup) . The second axis is orthogonal to the 
sunline and in the plane defined by the sonline 
and north ecliptic pole. Rote that the sunline 
and north ecliptic pole are not typically 
orthogonal because the spacecraft flies outside 
of the ecliptic plane. The third axis conpletes 
the triad. The two angles that specify the 
orientation of the spin axis are shown ii Pigure 
4.3. 1.4. 1-1: ft being the angle between the 
sunline anu the spin axis* and 0 being the 
dihedral angle between the plane defined by the 
sunline/north ecliptic pole and the sunline/spin- 
axis plane (right handed rule) . Belative to the 
unit sphere shown in Pigure 4. 3. 1.4. 1-1 with the 
sun as a pole* the tip of the unit spin axis 
vector is at co-latitude ft and on aeridian (or at 
longitude) &. 

An arbitrary inf initesinal precession of the spin 
axis is shown scheaatically in Pigure 4. 3. 1.4.1- 
2; dP is the nagnitude of the precession and the 
direction is given by the angle 0. \l> is the 
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angle of rotation about the spin axis measured, 
as shown in Figure 4.3. 1-4. 1-2, fro* the 
sunline/spin axis plane to the direction of 
precession, g, called phase angle hereafter, 
differs by a ±80° f roe the jet-lag angle since 
jet torgue is orthogonal to jet thrcst . In 
practice, the jet-l.g angle is aeasured from the 
sun pulse; and this angle, and accordingly, &, 
are held constant during an ideal precession 
maneuver. On the unit sphere (shown in Figure 
4. 3. 1.4. 1-1) , the tip of the unit spin axis 
vector describes a rhumb line, i.e., crosses 
successive meridians at the same angle; 'n the 
Sercator projection, the rhumb line appears as a 
straight line. 

The basic &inematica.i equations follow from 
Figure 4. 3. 1.4. 1-2; 



AJF - J7 F - pj - cos ib 


( 2 ) 


where the subscripts I and P refer to initial and 
final orientations, respectively. For given 
initial and final orientations, the phase angle, 
4), is obtained from Equation (1) and the total 
required precession angle, P, from Equation (2) . 

4 .3. 1.4. 2 Precession Haneuver Tactics 

4 .3 .1.4. 2.1 Implementation . The actual precession maneuver 
is conducted by pulsing axial (or radial) jets 
at a fixed lag angle (from the sunline) as 
determined from (6 (Equation (1)). An uncertainty 
in this lag angle, equivalent to 6(6, will 
obviously affect the final orientation of the 
spacecraft. Each pulse precesses the spacecraft 
tb rough a nominal small angle. P, obtained from 
Equation (2) , determines the number of pulses and 
an uncertainty in the precession increment leads 
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to aw uncertainty u the actu] P, denoted by IP, 
which, ia tan, leads to ascertain ties ia the 
fiaal orientation of the spacecraft. 

la addition to the two aacertaiaties — 6t and fiP 
— there ate also two aacertaiaties ia the 
initial orieatatioa of the spacecraft. The 
initial uncertainty ia co-latitnde, 9, will be 
denoted by tyj and will be called an in-plane 
uncertainty — in— plane referring to the 
sunline/spin-axis plane. Thxs uncertainty is due 
to sun sensor aeasureeent errors. The second 
initial attitude uncertainty will be defined as 
an uncertainty noraal to this plane, will be 
denoted by cj, and will be called an out -of -plane 
uncertainty. This uncertainty is due *r> star 
sensor aeasureaent errors. 

Oncertainties in the final orientation oi the 
spacecraft will also be defined as the in- and 
out-of-plane uncertainties — denoted by and 
£p, respectively; in-plane now refers to the 
final sunline/spm-axis plane. In particular. 


6jP F - e2 C*y) ♦ (6v) ♦ eq (6P) 

t F =■ f 1 Sjlj ♦ f 2 (fj) ♦ f 3 (5v) ♦ f n (6P) 


where the e*s and f*s are error coetiicieats (or 
partial derivatives) defined in Table <«. 3.1.4. 2- 
1. Note that final values of the output 
uncertainties in each plane are obtained by root- 
sua -squiring the corresponding contributions 
shown in the equations above. The total attitude 
error is given by 




To ontain the values to achieve an open-looo 
precession along a rhuab line path, a number of 
steps vast be taken: 
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(a) Hie values of loagit ode (»j, Dp) and 
co-lat itode C#I# 0 f> • which describe 
the initial and final orientation, are 
osed to obtain the rhanb line 
parameters, # and F. These describe 
the angle to the son, and the length ot 
the ideal rhanb line. The logic tor 
determining the correct phase angle $, 
and qaadcaat 0 is defined in Figure 

0 . 3 . 1 . 0 . 2 - 1 . 

(b) The propulsion performance 
characteristics (calibrated inpulse and 
impulse centroid location) are then 
used to define the required nanber of 
pulses to achieve F and the appropriate 
jet start angle corresponding to p. 

(c) in estiaate of the total attitude error 
resulting iron the naneuver is nade 
iron known tolerances to insure that 
the range of actual attitudes acnieved 
is acceptable, la addition, various 
attitudes along the rhuab line path are 
ex an in ed for compatibility with any 
power, thermal and communications 
constraints. 

(d) The required set of spacecraft connands 
is constructed , transmitted and 
verified prior to naneuver execution. 

The process is best illantrated by a 
representative exaaple, the noainal/oission 
scheduled nor to the So all Probe release 
at tit ode. Figure i-3.1-U.2-2 illustrates the 
relevant geoaetry as well as celestial latitude 
and longitude of the sunline, initial attitude 
and final attitude. 0^, and AM are first 
defined as follows: Proa Figure 4. 3. 1.4. 2-2, the 

initial (JFj) and final (If) sun angles are 
determined to be: 

cos * cos (-1.8) cos (15) COS (244-195) 

♦ sin (-1.8) sin (15) =» =• 51 . 3 ® 

cos pf = cos (-1.8) cos (15.8) cos (244-234.5) 

♦ sin (-1.8) sin (-15.8) =» | f * 16.8° 

The great circle precession, AP, is given by: 
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oos AP * cos (IS) cos (-15 J)) cos (234 .5-195) 
♦ sia (IS) sia 1-15.8) - AP * *9.7® 

The rotation of the spin axis/sanline plane* 
AO, is obtained froa the lav of cosines* 


cos AP) 


COS 99.7* - C06 51-3® cos 16.8® 


sin 51.3* sin 16.6® 


A» * 77.7® 


The rhonb line Eqnations ((1) and ( 2 ) of Section 
9. 3. 1.9.1) can now be ased to solve for the 
aoniaal rhonb line precession* Pr, and jet start 
angle p: 


tan p 


A6 


In 


t an y f/2 
tan 9 i/2 


1.356 

= p = 310.9® 

-1.1756 


Y 


cos p 


~ P R = 


52 -5® 


□sing the noainal parameters under discussion, 
the in-plane and out -of -plane errors are defined 
troa Table 4. 3.1.4 .2—1 to be 

69 { * = 6?i* ♦ (.48) (p* ♦ (.43) 6P* 

6c f * = (-53) { 69 i*) ♦ (*™> (6Ei*) ♦ (.0001) 6P* 

♦ (.57) (5P*) 

•here initial and final errors are «easured in 
degrees, tssuaiag initial in plane and out of 
plane errors of » 0 .5® , a phase angle error ot ^3° 
and a 31 inpulse error (i.e.* 6P * 1.6®) results 
in a final in-plane error ot 2.4® and final out 
of plane error of 1.3®. The total attitude error 
after the aaneuver is then 2.7®; the aaneuver 
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adds - 2* to the initial total attitude 
uncertainty of 0.7*. 

Impulse characteristics of the thrusters are used 
to define the required n usher of pulses (see 
Section 4.3.1. 4.2.2) . Impulse centroid 
characteristics and thruster/s an sensor geoaetry 
are employed to convert from the phase angle, 
to an appropriate jet start angle. 

4 <3 *1.4.2 .2 Precession Dynamics . Precession of a spinning 
spacecraft such as the Bultiprobe is 
accomplished by firing gas jets that generate an 
applied torque aoraal to the spin axis. 

Successive torque pulses will cause the angular 
aonentun vector to precess and will induce a 
coning notion of the spin axis about the angular 
aoaentua vector. 

The angular aoaentua step size dP is given by the 
following equation (also shown on Figure 
4.3-1.4.2-3-1J : 



where 

K = lumber of lxial Jets fired. 

F - Axial jet thrust (lb.) 

P - Radius to axial jets (feet) 

T - Pulse burn duration (seconds) 

Ug - Spinning angular aonentuw 
[ (slug-ft*) x (rad/sec) ] 

- l ZT u OT * Total spinning Inertia 
tines the total space- 
craft spin rate for a 
spinning configuration 
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3 * Burn angle (degrees) - w 0T T 
/sin (3/2) \ 

l j . efficiency of the thrusters. 

V 3/2 / 

The conaand resolutions for a precession, i.e., 
the angular step size in degrees per pulse (128 
ns) are shown in Table 4. 3. 1.3-3, for several 
thruster coabinations and the two basic phases in 
the nissioc. 

4 . 3 . i.4. 2.3 Psggessiaa gansaigL gaoestets anjLUagmfefts- 

Maneuver parameters that are significant for a 
precession are shown in Table 4. 3. 1.3-2. Thexr 
first order effect and algorithas relationship 
are shown in Figure 4.3. 1.4. 2. 3-1 . 

4.3.1. 4. 2. ft Restrictions . Restrictions unigue to a 
precession naneuver include: 1) a tine 
limitation, depending on sun L.O.S. and solar 
intensity, according to Figure 3. 2. 3-1, to avoid 
excessive thernal imbalance, 2) sun L.O.S. 
restriction to insure power balance. This also 
varies with solar intensity, batteries level of 
charge, and spacecraft load level (see Sections 
3.8.3 and ft. 3.5) , 3) sun L .0 . S . restriction on 
usage of any one of the three son sensors as the 
SRR. If each of the initial and final spin axis 
angles v.r.t. the ecliptic noraal is <30°, the 
aid-range sun sensor should be used. If the 
final snin axis anqle is >30°, then the 
approoriate extended sun sensor should be 
selected p rior to the start of the precession. 

4) Earth l.o -s. restrictions on usage of any one 
of the three available antennas. Each antenna's 
effective field-of -view is described in Sections 
2. 3. 2.1 and 2. 3. 2. 2. Switchover to transnitter 
Hi power, then to the highest bit rate usable on 
the uost effective onni, (followed by switchover 
to that onni if that onni is not already being 
used), prior to the start of the precession is 
the most -likely required action for uost 
precessions, and 5) the nutation angle should be 
<1° before beginning any naneuver. 
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4.3. 1.4. 3 Typical Cpgiapd Sequence and Telemetry 

Verif ication . Initial and changed spacecraft 
configurations lor a typical precession maneuver 
are shown in Table 4. 3. 1-4 .3-1. The full 
description of the initial configuration is shown 
in the first column ("Assumed steady state** 
colunn) . Only the changes m configuration, froa 
the preceding colunn, are shown in subsequent 
columns. 

A detailed typical con a and sequence for a 
precession, with associated telenetry 
verification, for an in-transit precession froa 
ecliptic-noraal attitude, is shown in Table 
4.3. 1.4. 3-2. 

4.3. 1.5 Trajectory Bodificatioa Haneuvers (All 

4. 3.1. 5-1 AV Saneuver Strategy . A A! maneuver accomplished 
in the cruise node, does not significantly 
disturb the prevailing communications links, 
thermal profile, and power profile. By resolving 
the required velocity change into velocity 
components that are parallel to an qoasi- 
orthogonal set of spacecraft thrusters (vector 
mode), these disturbances are avoided. The 
operational complexity of pre- and post-maneuver 
precessions reauired for a AV maneuver with axial 
jets only (axial mode) or radial }ets only 
(radial mode) can be avoided by executing two 
successive, but operationally simpler, maneuvers. 

However, the weight penalty associated with use 
of the vector mode for the first midcourse (AV 
<12 m/sec) may be significant, so that use of the 
axial or radial modes for this maneuver would be 
more prudent. The magnitude of the multiprobe 
first midcourse and the large cant anqles of the 
multiprobe radial 3 ets necessitate the trade. 
Pigure 4. 3. 1.5. 1-1 illustrates the weight 
penalties tor vector mode vs. axial mode and 
vector mode vs. radial mode as a function of the 
angle between the spin axis cruise attitude 
(south ecliptic pole) and the AV direction. The 
required velocity increment is assumed to lie in 
a plane orthogonal to the sunlme, so that tne 
spacecraft sun angle is always =90 degrees and no 
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thermal or power considerations constrain the 
axial or radial nodes. The vector node is 
observed to have a significant weight penalty, == 9 
lbs, when the required AW direction is ~30 
degrees above the ecliptic plane; such a 
direction denands axial jet thrust to cancel the 
axial AV con pone nt of the canted radial jets and 
achieve the proper sense for the total velocity 
increment. Since the axial node is operationally 
siapler than the radial node and usually wore 
efficient, the axial node would be preferred for 
such large AW saneuvers with troublesone 
directions in the north ecliptic hemisphere. 

8 hen the required velocity increment is assnsed 
to lie in a plane containing the cruise attitude 
and the snoline, the spacecraft son angle will 
vary and thermal /power constraints do constrain 
the ose of the axial and radial nodes. At the 
tine of the first ai.dconrse, spacecraft sun angle 
is constrained to be greater than 65 degrees and 
less than 120 degrees if a specific attitude is 
to be naintained for at least 4 hours. This 
constraint persits use of the radial node only 
when the AV direction is within 62 degrees of the 
sunline and ose of the axial node only when the 
AV direction is within 90 ±25 degrees of the 
sunline. Figure 4. 3. 1.5. 1-2 illustrates the 
weight penalty for vector node vs. the available 
node as a function of the angle between the spin 
axis cruise attitude and the AV direction. The 
vector node is observed to have a aaxinon weight 
penalty of = 7 lbs, when the required AV direction 
is %60 degrees above the ecliptic plane. The 
weight penal tf associated with vector node 
maneuvers for 90® < 0 < 150® is smaller than that 
for the no constraint case because the spacecraft 
mast be nearly inverted to use the radial node in 
this region. The penalty is still significant 
enough, however, that the available alternate 
node (axial or radial) would be preferred for 
large AV maneuvers with troublesone directions in 
the north ecliptic hemisphere. For first 
nidcourse AV maneuvers that are S8 meters/sec in 
magnitude, ose of the vector mode would avoid 
operational difficulties while not requiring 
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propellant in excess of that loaded on board the 
spacecraft for a worst case AV correction. 

4 .3. 1.5. 2 AV Maneuver Tactic s 

4. 3- 1.5. 2. t Implementation of a AV Maneuver . The axial and 
radial thrusters onboard the Rultiprobe 
constitute the set required to per fora any AV 
without changing the prevailing attitude. The 
geometric arrangement of axial and radial 
thrusters relative to the spin axis, and the 
’’esign of JCE control in the attitude Control 
ubsystem, perait the spacecraft to be translated 
successively in axial and radial directions with 
operational sinplicity. 

The thrust vectors of radial thrusters R3 and R4 
are canted *2b .5° toward the *Z axis from a plane 
parallel to the spacecraft X-Y plane, in order to 
pass through the center of mass that is estimated 
to apply at the required tine for TCfl #1. This 
set should be used for radial AV maneuvers prior 
to Large Probe separation, is the center of mass 
shifts toward the *Z axis due to expenditure of 
hydrazine tuel, subsequent usage oi thrusters h3 
and R4 will cause a coupled positive precession 
about a precession axis at & = 322°3G* (*x axis 
is at # - 0°) . 


The thrust vectors of radial thrusters R1 and R2 
are cantea -tlo.To toward the *Z axis fro* a plane 
parallel to the spacecraft X-Y plane in order to 
pass through the center of mass that is estimated 
to apply after Large Probe separation- This set 
should be used for radial AV maneuvers after 
Large Probe separation. As the center of mass 
shifts toward the axis due to expenditure of 
hydrazine fuel, subsequent usage of thrusters Hi 
and R2 will cause a coupled negative precession 
about the precession axis at & = 322° 10* . The 
thrust vectors of axial thrusters A5 and A6 are 
parallel to the *Z axis. 

Using the axial thruster (s) in continuous burn 
■ode for an axial AV will result in a small 
precession if the angle burn duration is not an 
integer multiple of the prevailing spin period . 
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The command resolution for a AV laneuver. given 
the sensitivities shown in Table 4.3.1 .3-4, and 
0.512 second for the LSB in the ADP configure 
quantitative coaaand for continuous firing node 
(ATQ04 or ATQjVD) , is 

0.003 BPS for a single axial jet. 

0 .5 12 sec . 

Pulsed node resolution is 

0.006 BPS for a radial jet pair 
pulse at 512 as pulse 

duration. 

4 .3. 1.5. 2- 2 Maneuver Parameters and Algorithms . Parameters 
that are significant for a AV aaneuver are 
shown in Table 4. 3. 1.3 -2. Their first order 
effect and algorithaic relationship are shown in 
Pigures 4. 3. 1.5. 2. 2-1 and 4 .3.1 .5. 2.2-2 for axial 
and radial AV maneuvers, respectively. Figure 
4.3.1.5.2.2-3A shoes that impulse magnitude error 
(essentially defined by thruster impulse 
uncertainty) is 2 percent, 3 percent and <3.1 
percent in the axial, radial and vector modes, 
respectively. Figure 4.3.1.5.2.2-3B shows that 
the impulse directional errors (function of 
attitude uncertainty, open loop precession errors 
and execution errors) are <3 deg, <4 deg, and 
<2.5 deg in the axial radial and vector nodes, 
respectively • 

4. 3.1. 5. 2. 3 Restrictions . There are no restrictions unique 
to a A? maneuver beyond those qeneral restric- 
tions already cited in Section 4.3. 1.3. 
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4 .3. 1.5.3 Typical Co—and Sequence and Telenetry 

Verification - Initial and changed spacecraft 
configurations for a typical radial A? aaneuver 
(no precessions required), axial AV aaneuver (no 
precessions required), total AV aaneuver with 
axial jets only (precessions required) , and total 
AV aaneuver with radial jets only (precessions 
required) are shown in Tables 4.3. 1.5. 3-1, -3, 

-5, and -7, respectively. A detailed typical 
coaaand sequence for each of these four types of 
AV «a n^avers, with associated teleaetry 
verification, starting with the spacecraft in- 
transit and in ecliptic-noraal attitude, is shown 
in Tables 4. 3-1. 5. 3-2, -4, -6, and -8, 
respectively . 


TABLE 4. 3. 1.5. 3-1 

SPACECRAFT CONFIGURATIONS POR A TYPICAL 
RADIAL AV HANEUVER 


This is the saae as Table 4. 3 -1.4 .3-1 (Typical 

Precession Maneuver) with the following exceptions: 

1. Pre-aaneuver steady-state configurations for cobs. 

S/S 6 bit rate prevail throughout the radial AV 
aaneuver. 

2. For "Attitude Data Processor - Jet Control - Just 
Prior to First Jet Fire", replace jet select 
coablnetions by: 

(R1 & R2 selected) o£ (R3 & R4 selected) . - 
whichever produces a thrust vector directed closer 
to the prevailing S/C Center of Bass (i.e. that 
produces the saaller aagnitude precession because 
of change in location of center-of-aass since 
launch) . 

i 
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TABLE 4. 3-1. 5.3-2 

TYPICAL RADIAL AR HARED TER SBQOENCE 


This is the sane as Table 4.3. 1.4 .3 -2 (Typical Precession 
■anenver Sequence) with the following exceptions: 

1. Replace all references to •precession" by "radial 
AV aaneover." 

2. Replace jet select coabinations for ATQ?2 coavand 
(ADP1 configure - Jet Control) by " (R1 & H2 
selected) o£ (R3 & R4 selected)" and selection of 
128 as poise width by selection of 512 as pulse 
width (APULLS teleaetry should read logical 1 

(= 512 as pulse width)) . 

3. Delete all changes to conn. S/S & Data Handling 



4.3-22 



Section Ho. 4.3.1. 5.3 

Doc. lo. PC -403 

Orig. Issue Date 5/22/78 
Revision Ho. __ ____ __ _ ___ 

Revision 


r.*JL* 4. 3.1. 5.3-3 

SPACBCRAPT CON FI GO RATIONS FOB A TYPICAL 
AXIAL AI BAHBDVBS 


This is the saee as Table 4 .3. 1.4 .3—1 (Typical 

Precession Hanenver) with the following exceptions: 

1. Pre-aaneuver steady-state configurations for cons. 
S/S & Bit Rate Prevail throughout the axial Af 
aanenver. 

2. For "Attitude Data Pa. tcessor - Jet Control - Just 
prior to first jet fire": 

(a) Replace jet select conbinations by: 

(A5 or A6 selected for continuous firing) or 
(A5 2E A 6 selected for pulsing at once per half 
spin periods) 

(b) For continuous firiro: Continuous fire 

select & Tiee Count Select* 

(c) For Pulse firing: Pulse Fire, Pulse Count, 

Pulse width likely 512 ns., and either nornal 
(one firing per spin period) or alternate 
node (one firing per half spin period) - all 
selected . 

3. For "ADP Configure - Co Hands ATQ ?4 through 4TQ12 - 
for continuous fire: 

(a) Replace all references to "Jet Countdown" by 
"Tine Countdown". 
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TABLE 4. 3. 1.5. 3-4 

TYPICAL AXIAL At BA8E0TEB SSQOEHCE 


I This is the sate as Table 4. 3. 1.4. 3-2 (Typical 
I precession na neu vet sequence) with the following 
| exceptions: 

I 

1. Replace all references to "precession* by "axial 
A S aaneuver." 

2. Replace jet select coabinations for ATQ?2 coaaand 
(ADP1 Configure - Jet control) by "(A5 or A6 selected. 
Por continuous fire, select continuous fire and tiae 
count. Por pulsed fire - as shown* but select 512 as. 
pulse width* and noraal node. Listed teleaetry should 
indicate corresponding to that selected by coaaand. 

3. Por a continuous firing: (a) ATQJJ4 coaaand (ADP1 
Configure - jet countdown) aust represent the tine 
count in 0.512 second steps; (b) ATQpS coaaand 
(ACS Angle Delay Bagnitude) is oaitted; (c) the 
on-board duty cycle detector is inhibited during 
continuous firing 6 the reference to "pulse 
loaded into the countdown circuit" is to be 
replaced by "... 0.512 asec* tiae counts loaded 
into the countdown circuit"; (d) PLIBT1 & PBDSLI 
will both definitely show a change in current 
level during a continuous firing; (e) A-HAGC (JCB 
Countdown) will be decreasing by one count per 
0.512 asec. 

4. Delete all chan js to coaa S/S & Data Handlin s/s 
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TA3LE 4. 3.1. 5-3-5 

SPACECRAFT COHFIGUBATIORS POR A TOTAL AV HAHEOVBR 
WITH AXIAL JETS OHLI - (AXIAL RODE) 


j This will consist of a precession to the £ V attitude 
i followed by axial jet is) burn continuously, followed by 
I precession back to the steady state attitude. S/C Con- 
j figuration changes shall conforn to: 

i 

I 1. Precession to AV attitude - sane as Table 4. 3. 1.4. 3-1, 
i except do not close latch valves needed tor steps 2 & 

| 3 ahead . 

| 2. Continuous axial jet (s) burn - sane as Table 

4 . 3. 1.5. 3-3, except 

(a) Conn. S/S & data nandling S/S shall be sane status 
during the burn as tor post precession, and 

(b) Do not close latch valves needed for step 3 ahead. 

3. Precession back to steady - state attitude: Save as 

Table 4. 3. 1.4. 3-1, except Conn. S/S & bit rate switch- 
over is in reverse order (fron (PHD OflHI, HI IRTR ?ws , 
16 bps) to PRD 0HH1, LOR XHTR PER, 8 bps (worst case)). 


TABLE 4. 3. 1.5. 3-6 

SEQOERCE POR A TOTAL AV HANEUVER EITH AXIAL JETS 
ONLI - (AXIAL BODE) 


i 1- Precession to AV attitude - sane as Table 4. 3. 1.4. 3-2 j 
(typical precession aaneuver sequence) ' 

I J 

i 2. Continuous axial jet(s) burn - sane as for Table j 

i 4. 3. 1.5. 3-4 - except Conn. S/C 6 Data Handling S/S 

1 shall be the sane status during the burn as for post- ; 

j precession (already on PRD 0BN1, XHTR HI PR R , b** n. 

DSN , & 16 bPS) . 

! 

3. Precession back to steady state attitude: Sane as j 

Table 4. 3. 1.4. 3-1, e- cept Co«n. S/S & bit rate switch- 
over is in reverse order - conplenentary connands 
needed for thio that are not shown in the Table.) 
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TABLE 4.3.1. 5. 3-7 

SPACECRAFT COB PICT RATIONS FOR A TOTAL At BAN BOTES 
VITH RADIAL JETS ONLY - (RADIAL BODB) 


Tkis viU consist of a precession to the AV attitude 
followed by radial jet(s) burn in pulsed node, followed 
by precession back to the steady state attitude. S/C 
Configuration changes shall coofors to: 

1. Precession to AV attitude - sane as Table 4. 1.1.4 .3-1, 
except do not close latch valves needed for steps 2 S 
3 ahead. 

2. Pulsed Radial jet (s) bun - sane as Table 4 .3.1 .5.3-1, 
except 

(a) Coen. S/S S data handling S/S shall be sane status 
during the burn as for post precession* and 

(b) Do not close latch valves needed for step 3 ahead. 

3. Precession bach to steady - siate attitude: Sane as 
Table 4.3.1. 4.3-1* except Conn. S/S 5 bit rate switch- 
over is in reverse order If ron (PRD OBNI, HI IBTR PMR* 
16 bps) £2 (FRD OBNI* LOR MIR PVR *8 bps (worst case)). 


TABLE 4. 3. 1.5. 3-8 

SEQUENCE FOR A TOTAL AY BANEOVER RITB RADIAL JETS 
ONLY - (RADIAL BODE) 


1. Precession to AY attitude - sane as Table 4. 3- 1.4 .3-2 
(typical precession naneuver sequence) 

2. Pulsed Radial jet (s) burn - sane as for Table 

4. 3.1. 5.3-2 - except Conn. S/C 6 Data Handlinq S/S 
shall be the sane status during the burn as for 
post-precession (already on FRD OBNI* XBTR HI PRR, 

64 B. DSN, 6 1b BPS). 

3. Precession back to steady state attitude: Sane as 

Table 4. 3. 1.4. 3-1, except 'Tone. S/S & bit rate switch- 
over is in reverse order - conplsnentary connands 
needed for this that are not shovn in the Table.) 
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4. 3. 1.6 Spin, hate cnapgg and lri» Bane u vers 

4. 3. 1.6.1 Spin Mate Cnanoe Maneuvers . Spin change 

maneuvers are nost expediently done by firinq 
radial thrusters continuously. Firing a pair of 
spinup or despin thrusters rather than a sinqle 
thruster is always preferred in either continuous 
or pulse node, in order to nminize attitude anu 
velocity perturbations. 


4 .3 .1.6.2 Pnique Tactics ior a Spin Bate Change 


4 .3. 1.6. 2.1 Implementation ol a Spin hate Change , fhe cant 
angles of tue spin -up thrusters pair (Rl and 
B3> and spindovn thrusters pair (B2 and R4) on 
the Multiprobe are different (-»1d. 7® and -2 m. so, 
respectively) so as to result in a snail 
precession about the precession axis at 6 
322° 30*. ana a snail AI toward the *Z axis. 

Using any single tnruster for spin rate cnanae 
will result in a larger precession and 
approxmately the sane axial AV as that obtainec 
by use ot the appropriate pair . 


The conaanu resolution tor a spin rate change, 
given tne sensitivities shown in Table 4.3.1.3-u, 
and 0.512 second for the LSB in the ADP Configure 
quantitative comma for continaous firing node 
(ATQJ14 or KTQftQ) , is approxinately (0.056 
BPH/0.5.2 sec.) for a racial jet pair, and (0.026 
RPB/0.5 1^ sec.) for a single jet. 

4. 3. 1.6. 2. 2 Spin Rate Change Parameters and Al gorithms . 

Parameters that are significant for a spin rate 
change are shown - n Table 4.3. 1.3-2. Their first 
order effect ana algorithnic relationship are 
shown in Figure 4. 3. 1 .b.2.2-1 . 


4. 3. 1.6. 2. 3 Restrict ions . beyond the general restrictions 
cited in Section 4.3.1 .3, restrictions unique 
to a spin rate change include those described in 
Section 3.3. 2.3.5 and 3. 3. 3.5 that are summarily 
reported here for enphasis: (1) the PLL loss of 
lock detection should be disabled except for spin 
trins within the PLL selected spin range since 
the PLL cannot track, large spin speed changes, 
and will terminate the spin change maneuver if 
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loss of lock is dat«ct«d (2) the sob gate shocld 
be disabled, except for spia trios wit bin tbe PLL 
selected spia range since tbe spia period is 
changing, and an enabled son gate eoeld transfer 
tbe SRB to tbe sia elated SB1 after two 
consecutive nissed son poises. A disabled sen 
gate also alloes normal sea acquisition. 

« .3. 1.6. 3 Typical Co wand Sequence and Telemetry 

verificatio n. Initial and changed spacecraft 
coaf ignration for a typical 128 as poised spin 
change maneuver (likely a spin trim) within the 
PLL selected spin range are shoes in Table 
0.3. 1.6 .3-1. A corresponding detailed sequence 
of coanaads and telemetry aerification is shown 
in Table 0.3. 1.6 .3-2. 

Initial and changed spacecraft configurations for 
a typical con tin no us or S12 ns poised (or 12d as 
pulsed to produce final spia rate outside of the 
initial PLL selected spin range) spin change 
naneuver are shown in Table 4 -3-t -b .3-3. h 
corresponding detailed sequence of coaaands and 
telemetry verification is shown in Table 
0 .3.1.6. 3-0. 
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SPACECRAFT CON FIGORATI OSS FOR A TYPICAL 128 HS 
POLSED SPIB CHABGE HA BE OVER (LIKELY A SPIB THIS) 
■ITHIM THE SELECTED PLL SPIB BARGE 


{ This is the sane as Table 4. 3.1. 4.3-1 (Typical Precession 
{ Haneover) with the following exceptions: 

» 

I 1- Pre-maneuver steady state configurations for conn. S/S ! 
and bit rate prevail throughout the spin trin maneuver. j 

2. For "attitude data processor - jet control - just prior 
to first jet fire" replace jet select conbinations by: . 
R1 or B2 or R3 ci R4 or (R 1 S H3) or (R2 6 R4) 
selected . 

3- If the expected final spin rate is outside the pre- 

naneuver steady state selected span range tor "ADP Rode 
Select", then the maneuver described in Tables 
4. 3- 1-6. 3-3 and 4.3.1.6.3-4 should be followed. 

4. For "ADP Configure Commands A?Q^4 through ATQ12 - just 
prior to first jet fire* - add: PLL Spin period 

magnitude - set to expected final spin rate. 

, 5. For "Attitude Data Processor - Spin Bate" - 

(a) "Between first jet rire and last jet fire* - add: 

I "changing toward expected final spin rate." 

(b) "Immediately after last jet fire" - add: "at 

i expected final spin rate." 
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TABLE 4.3. 1-6. 3-2 

TIPI CAL SPIB TBIB (128 BS POLS ED - BITHIB THE PLL SELECTED 
SPIB BASSE) BABKOV EB SEQUENCE 


i This is the sane as Table 4. 3.1. 4.3-2 (Typical Precession 

Bane over Sequence) with the following exceptions: 

1. Replace all references to "precession" by "spin trie 
aanenver ." 

! 2. ATQJI7 & AT Q jib (or, equivalently, ATQ78) connands (ADP1 
j Configure - PLL spin Period Bagnitude - BSBs & LSBs) 
should load the expected f spin period not the 
| initial spin period. 

3. Replace jet select combinations tor ATCp2 coaaand (ADP1 
configure - jet control) by "Bl.oj B2 or R3 or B4 or 
(R1 & 43) or (B2 & fU) selected." 

; 4. Delete all changes to Cona. S/S £ Data Handling S/S - 
Retain scheduled switchover to and from ACS Data 
j forvat. 

| i 

j 5. Just after the post-naneuver issuance ol ATQj/7 6 KTQffd I 


(ADP1 Configure - PLL Spin Period Bagnitude), add: 



Reaarks & verification 

CBD 

B new on ic 

Coaaand or Action 

TB 

Bneaonic 

Reaarks £ TB Data 

! =. = ==-== = : 

i 



j 

HTQ03 

ADP1 Configure - 

ASOMGS 

I 

= 1(Sun Gate Enable) 

; SRXX as 
reg *d . ; 
• PLE; 

A DP Bode Select 
(PLL Loss of lode 
enabled; sun gate 

ALOLBS 

1 

PLL Loss of Lock - 1 

! SGA1; 

enabled) 


(Enabled) 

SGB1; 

! SSRB; 

KEFSUB ; 
STB; 
SDGE; 

SB BUR B 



All other T3 - As 
Before 
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TABLE 4- 3. 1.6. 3-3 

SPACECRAFT CORF IGOR ATIORS FOR I TYPICAL COBTIBOOOS OR 512 BS 
POLSBD (OR 128 BS PULSED THAT REQUIRES CBAB6E IB PLL 
SELECTED SPIB RABGE) - SPIB CBAB6B HAN BUYER 


This is the sate as Table 4. 3-1- 4.3-1 (Typical Precession 
Baneaver) with the following exceptions: 

1- For "Attitude Data Processor - Jet Control* - Just 
prior to first jet fire*: 

(a) Replace jet select coabination by; 

HI of 82 Of R3 0£ 84 2£ (B1 & R3) 0£ (R2 $ R4) 
selected . 

(b) For continuous firing: Continuous fire select S 

tise count select. 

(c) For pulse firing: As shown, but 512 ns (or 128 

as) pulse width selected, as applicable. 

2- For "Attitude Data Processor - ADP Bode select* - 
(a) "Just prior to first jet fire", add: 

(1) PLL loss of lock inhibited. 

(2) Sun gate disabled 

(3) PLL spin range - selected to encoapass 
expected final spin rate if it is outside 
of pre-aaneuver steady state selected spin 
range. 


(b) "Assuaed steady-state-post maneuver", add; 

(1) PLL loss of lock enabled. 

(2) Sun gate enabled 
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TABLE 4.3.1. 6.3-3. (Continued) 


3. For "ADP Configure Conuands ATQJ/4 through ATQ12" - 
Just Prior to First Jet Fire* - add: 

PLL Spin period aaqmtude - set to expected final spin 
rate. 

4. For "ADP Configure - Coanands ATQ04 through A"*012" - 
for continuous fire: 

(a) Beplace all references to "Jet Countdown" by "Tine 
Countdown" 

5. For "Attitude Data Processor - Spin Sate" - 

(a) "Between first jet fire 6 last jet fire" - add: 
"changing toward expected final spin rate." 

(b) "Iawediately after last jet fire* - add: "At 

expected final spin rate*. 
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TABLE 0.3. 1.6. 3-0 

TYPICAL SPIH CHANGE (CONTINUOUS OB 512 BS PDLSED) 
(OB 128 BS POLSED THAT BBQDIBES CHANGE IN PLL 
SELECTED SPIH BANGE) - BANE0YEB SEQUENCE 


This xs the sane as Table 4. 3.1. 4. 3-2 (Typical Precession 

Baneuver Sequence) with the following exceptions: 

I 

1. Replace all references to "precession" by "spin change 
aaneuver." 

2. ATQ?7 and ATQ08 (or equivalently. ATQ7«) coeaands (ADP1 
Configure - PLL Spin Period Hagnitude - BSBs and LSBs) 
should load the expected f ipal spin period. not the 
initial spin period. 

3. Replace jet select coabinations for ATQ(f2 coaaand (A DPI 
Configure - Jet Control) by "BY or B2 or R3 or RQ or 
(R1 and R3) or (R2 and R4) selected." Por continuous 
fire, select Continuous Fire and Tine Count. For 

i pulsed fire - as shown, but select 512 as or Ikd as 
pulse width, as applicable; and Noraal o£ Alternate 
Bode. Listed telenetry should indicate corresponding 
; to that selected by Coaaand. 

j 4. Just before configuring downlink for forward oani 
i usage, add the following: 
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TABLE 4-3.1. 8.3-4. (Continued) 




Reuarh* 

) 8 verification _ _ 

CBD 

Rneaonic 

Conaand or Action 

TB 

Bneaonic 

Beuarhs & TB Data 

ATQ?3: 

SB XI as 

Required; 

PLD; 

S6A1; 

S6B1 ; 
SSBB; 

a L'venM » 

A DP 1 Configure - 
ADP Bode Select 
(Rew spin rate 
selected, if 
expected final 
spin rate exceeds 
present selected 
PLL spin range; 
PLL Loss of Loch 
inhibited; Sun 
Gate disabled) 

ASDRGS 

« 0 (sun gate 
disabled) 

ALOLBS 

PLL Loss of Lock 
* 0 (Inhibited - 
reaains so through- 
out the naneuver) . 

ntraus . 
Js ; 

SOtiD; 

SRATRB. 

ASPIBS 

PLL spin ranqe - 
encoapasses expect- 
ed final spin rate. 




All other TB - as 
shown in Table 
4. 3.1. 4.3-2. 


For a continuous firing: (a) ATQ04 Conaand (ADP1 Configure 
- Jet Countdovn) must represent the tine count in 0.512 
second steps; (b) ATQJ75 Com and (ACS Angle Delay 
Magnitude) is onitted; (c) both the onboard duty cycle 
detector and PLL Loss of Loch circuit are inhibited 
during continuous firing and the reference to "... pulses 
loaded into the countdown circuit 11 is to be replaced by 
■- -- 512 nsec, tine counts loaded into the countdovn 
circuit 1 *; (d) PLIRT1 and PB0SL1 will both definitely show 
a change in current level during a continuous firing; 

(e) AJBAGC (JCE countdown) will be decreasing by one 
count per 512 usee. 
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TABLE 4. 3. 1.6. 3-4. (Continued) 


dust after the post-naneuver issuance of ATQ?7 and ATQJ78, 
ADP1 Configure - PLL Spin Period Hagnitude, add: 

CHD 

Rnenonic 

Counand or Action 

Renarlu 

f & verification 

TH 

Hnenomc 

Renarks & TK Data 

ATQ03: 

SB XX as 
Required ; 
PLE; 

SGA1; 
SGB1; 
SSBS; 
BEFSDN; 
STN ; SDGE ; 
SB ANBR 

A DPI Configure - 
ADP Bode Select 
(PLL Loss of 
Lock enabled; sun 
gate enabled) 

ASONGS 

=• 1 (Sun Gate 
Enable) 

ALOLES 

PLL Loss of Lock 
= 1 (Enabled) 

All Other TB - As 
Before. 
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4.3.2 UUiaasJ^SfilttUgn - Attitude determination 

strategy and tactics are described below. A 
discussion of attitude estimation, the overall 
■ission tineline and the typical coaaand sequence 
with corresponding telenetry verification are 
included. 

4 .3.2.1 General Description . Attitude determination 
includes all data collecting and data processing 
necessary to establish the spacecraft attitude 
(direction of the angular momentum vector) w.r.t. 
inertial (fixed) coordinates in three-dimensional 
space. The spacecraft attitude is determined as 
precisely as practical in order to (1) insure 
optimum thrust vector orientation for the 
hydrazine thrusters, and, (2) achieve 
satisfactory orientation for (a) release of the 
Large ana Small Probes, and (b) the Bus 
Experiments at Bus Entry. 

Attitude determination say be done (1) in a 
"quiet-look 1 * manner, i.e., with a few samples of 
data to establish approximately that a desired 
attitude prevails, or (2) in a "refined" manner, 
where numerous samples of data from various 
spatial sources are statistically processed with 
estimates of sensors biases in order to achieve 
an accuracy of 0.5° or better. The "refined* 
approach seeks to minimize random errors by 
appropriate uata averaging; and to minimize 
systematic errors (i.e., biases) by 
quantitatively identifying their up-to-date 
values. The biases may change due to several 
causes such as thermal effect on mechanical 
alignment, fuel-depletion effect on mass 
properties, and change-in-spacecraf t-location 
effect on intensity of, and angle subtended oy 
the spatial reference (s) (such as the sun or 
earth) . 

4. 3.2 .2 Strategy . A general description and the use of 
two or more spatial references are described 
below . 
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4 .3 .2.2.1 General . Strategy is the basic plan. 

specific strategy for *g nick-look" attitude 
determination consists essentially of (1) 
collecting a fev samples of data of two spatial 
references, (2) defining the approximate spatial 
position of the spacecraft and angles between 
lines of sight to the two spatial references, and 
(3) processing the data minimally by on-line 
computer or graphical aids to determine the 
approximate spacecraft attitude. 

Specific strategy for "refined" attitude 
determination consists essentially of (1) 
collecting many successive samples of data of 
lines -of -sight to at least two and preferably 
three or more point-source spatial references, 

(2) defining the accurate spatial position of the 
spacecraft, the angles between lines-of-sight to 
all spatial references, and up-to-date estiaates 
of biases to be eliminated from the telemetered 
data, and (3) statistically processing the data 
via off-line coapcter to determine the spacecraft 
attitude as accurately as practical. 

4-3.2. 2. 2 Ose of Two or Bore Spatial References . 

Collection of data on the line-of -sight to two or 
more spatial references is sufficient to define 
spacecraft attitude in inertial (fixed) 
coordinates. 

The accuracy of the results is generally 
commensurate vita the numbers of spatial 
references beyond two that are used, the amount 
of data collected and processed to minimize the 
random errors, and the accuracy of estimation of 
the systematic errors. Additionally, the 
accuracy will be degraded when lines-of-sight to 
spatial rei.erences are nearly colinear such that 
measurements become redundant. 

The effect of random errors can be minimized by 
appropriate statistical averaging, hence the need 
for collection of many successive samples of 
data, 'fhe systematic errors include 
contributions by: 
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(a) Orbit cr trajectory deteraination 
errors and their effect on choosing the 
correct epheaeris data. 

(b) The angle subtended by the spatial 
reference, such as the sun. A point 
source such an a star is inherently a 
aore accurate spatial reference than 
the sun. 

(c) Mechanical alignaents and electrical 
boresight alignaents of sensors, and 
the effect of thermal distortion upon 
then . 

(d) Sensor calibration uncertainty. 

(e) Variation in sensor threshold 
detection. 

(f) Spacecraft wobble. 

Representative values for these contributors, 
excluding the effect of itea (a) above, are shown 
in Table 4. 3. 2. 2-1. 

4 .3 .2 .3 Tactics . A general description, attitude sensors 
and data types, attitude determination, attitude 
estimation, sun and stars availability durmq the 
nominal mission, and an overall mission timelii.e 
for attitude deter mi nation., estimation are 
describee ahead. 

4 .3. 2. 3.1 General . Tactics consist of the specific 

implementation of the strategy, unique to the 
spacecraft design and to the point in the 
mission . 

The preferred method for determini r q Hultiorob.- 
spacecraft attitude, via use of sun-to-star (s) 
roll angle and aspect angle measurements, is 
functionally independent of the point in the 
mission, but tne choice of stars vanes during 
the mission, as described in Section 3.0 and 
ahead. Further, the accuracy of determination 
will vary during the mission for reasons already 
cited in Section 4. 3. 2. 2. 2. 
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Rultiprobe spacecraft attitude sensors and data 
types, attitude determination, attitude 
estiaation, availability of spatial references 
during the u is si on , and overview tinelines are 
described abend. 

4 .3 .2.3.2 Attitude Sensors and Data Types. The attitude 
control subsystem uses sun and star sensors to 
effect attitude and spin rate measurements. Each 
sensor has a vertical and a canted slit; $ and $ 2 
for the sun sensor; #• and $ 2 * * or t * ie star 
sensor, Any one of the 4>*, or slits can 
be used as an azinuthal reference (SRB -selected 
roll reference) for the purpose of making 
azimuthal angle measurements (via telemetry of 
time intervals between occurrences) to and to 
any star, including the reference star, using the 
or $ 2 * slit. The geometry of attitude sensor 
measurements is summarized in Figure 4. 3. 2.3-1. 
Further description of the sun and star sensors 
is detailed in Section 3.3. 

The primary and secondary data types enployed in 
the attitude determination process are also shown 
in Figure 4. 3. 2. 3-1. The three primary data 
types are sun aspect angle (## 2 ) » sun-to-star 
roll angle with the vertical star slit [$$*', , and 
sun-to-star roll angle with the canted star slit 
(^$ 2 *)« The ACS mechanization also permits 
direct measurements of star aspect angle ($*^ 2 *)* 
star-to-star roll angle with the vertical star 
slit (#* (1) if)* (2) ) , star-to-star roll angle with 
the canted slit ($ 2 * OH'2* (2)) » and star-to-star 
roll angle with the vertical and canted star 
slits 4>* (1) 1 P 2 * (2) . These latter four data types 
can also be derived from the three primary data 
types . 

There are two kinds of errors associated with 
each data type: random and bias. The random 
conponent is caused by threshold jitter, pulse- 
to-pulse jitter, residual spacecraft notation and 
quantization effects. The bias component is 
caused by leading edge and threshold uncertainty, 
sensor misalignment, calibration uncertainty and 
spacecraft wobble. All error sources except the 
leading edge and threshold uncertainty generate a 
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bias which is a function of the son and star 
aspect angles. However, the effects of all these 
error sources on the bias of an; data type can be 
obtained fro* errors in the pairs of angles that 
define the orientations of all sensor slxts. In 
other words, if each slit is represented by an 
azinuth angle (defined by the intersection of the 
slit with the actual spin plane) and a cant angle 
(defined oy rotation about this line of 
intersection), then errors in these two anuies 
for earn slit involved in the measurement of any 
data type can always be nade equivalent to any of 
the error sources noted above. 

4. 3. 2. 3. 3 Attitude Deterama tion . Attitude determination, 
aside Iron estimation of attitude errors 
(discussed ahead), eaploys three schemes that are 
shown in Table 4. 3 .2.3-1, along with associated 
data types, required sensors, and minimum number 
of reauired visible stars and neasurenents . 
Advantages and disadvantages associated with each 
scheme are shown in Table 4. 3. 2. 3-2. 

4 .3. 2. 3. 4 Attitude Estimatio n. The need for bias 
estimation is based on the following essential 
considerations : 

(a) Relative azimuth bias in the spin plane 
between two slits distorts 
measurements. 

(b) Relative cant bias with respect to spin 
plane between two slits distorts 
measurements. 

(c) Relative azimuth and cant between those 
slits employed in the measurement 
process mast be estimated to eliminate 
any out -of -spec attitude error due to 
sensor biases. 

(d) Sun sensor requires estimation at two 
different attitudes to distinguish 
between the relative azimuth and cant 
biases of the ? and $2 slits. 
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The need for bias eatisatioo is illustrated 
quantitatively ia Figure 4.3 .2 .3-2. Regardless 
of the 8chee« ee ployed, attitude deter aiaation 
esiag tele ee try aloae is aot sufficient to reduce 
tae error in spin axis attitude to the 0.5* or 
lees requireeent of PC -4 10 (Be fere nee; Section 
1 .5.4) . Data saoo thing and estinatioa of biases 
will result in a less than 0.5* error in attitude 
for the appropriate geoaetry. 

The approach taken in the "refined* attitude 
determination process is to estimate attitude 
errors (biases) in those pairs of angles that 
define slit orientations. Bhile the bias 
component of the data types is not esiiaateu 
directly, the aean of the residuals (observed 
sinus conputed data) is a seas ore of how good the 
estiaation is. The attitude estivation algorithm 
uses tnxs approach . 

Pour basic attitude estimation schemes, defined 
by which data types are eu ployed with the 
estiaator, can be identified. The primary scaeae 
(Scheme 1) uses sun aspect angle and sun-to-star 
roll angles uith two star sensor slits. The 
secondary scheue (Schene 2) uses sun aspect anqle 
and sun-to-star roll angles with one star sensor 
slit • 

A smear; of the various attitude estimation 
schemes, their data types, number of required 
measurements (to meet the 0.5 degree attitude 
determination accuracy) and estimated biases is 
presented in Table 4. 3. 2. 3-3. Advantages and 
disadvantages associated with each scheme are 
shown in Table 4. 3 .2. 3-4. Note that while the 
first scheme requires the greatest number of 
measurements, it also requires the fewest number 
of visible stars, three. Bote also that the 
relative biases estivated using Scheme 1 include 
or can be used to define those associatea with 
Schemes 2 and 3, and approximate those associated 
with Scheme 4. Because of these relative 
advantages. Scheme 1 can be considered the 
baseline type of attitude estiaation. schene i 
also employs both star sensor slits and requires 
four measurements; the latter advantage is offset 
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by tae tegument for font visible stars and 
added complexity of using a star as the selected 
roll reference. Schene 2 requires an additional 
visible star (relative to Schene 1) to coapensate 
for the nse of only one star sensor slit, schene 
4 requires the fewest neasureaents and only one 
slit; however, four visible stars are required 
and the fewer neasureaents relative to Schene 2 
is offset by the added coaplexity of using a star 
as the selected roll reference. Scheaes 1 and 2 
have been ex a a in ed in detail with respect to the 
Pioneer Venus aission profile because (i) Schene 
1 essentially solves for all the observable 
biases with the fewest nuaber of stars; (ii) both 
scheaes eaDloy the sun as an easily detectable 
selected roll reference, i.e., avoiding a star 
roll reference by using an increased nuaber of 
neasureaents; (iii) "Complete" bias estimation 
need not be done continuously, only periodically 
to account for drift and nass properties changes; 
and (iv) Only one star and one star slit is 
required to define attitude after each bias 
"update". 

4 .3 .2.3. 5 Sun Availability Purina the Boninal Hiss ion . For 
nearly all of the noninal aission, the sun line- 
of -sight will remain well within the san sensors' 
fields-of-view. The period of tine when the sun 
l.o. s. Bay fall outside the sensors* fields-of- 
view begins ianediately after launch and 
automatic spacecraft spiaup to a nominal 1b rpa. 
It that tine, the average sun look -angle will be 
approximately 90° (Refer to Sections 4. 1.1.1 and 
4. 1.1.2). During cruise, the sun l.o.s. is 
expected to reaain well within the aid-range sun 
sensor's f ield-of-view . During encounter 
maneuvers, sun angles range froa 20 to SO deg., 
so that the upper extended range sun sensor will 
be the priaary observer (Refer to Section 

4. 1.1.2) . 

4. 3.2.3. 6 star: Availability During the nominal Hiss ion. 

The Bui tip robe cruise aission and the encounter 
maneuvers mere simulated using the above 
estimation techniques to ascertain the 
feasibility of meeting the attitude determination 
accuracy specifications. Since the accuracy of 
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the estimator xs dependent upon the nunber of 
independent measurements, and therefore, the 
nunber cf stars sighted, bar charts of star 
availability uere created for the probe cruise 
phase of the aission. Figures 4. 3. 2. 3 -3 is a 
tiae line bar chart showing the availability of 
visible stars for each star sensor slit when not 
interferred with by the sun. Pigure 4. 3-2. 3-4 is 
a tiae line bar chart indicating the total nunber 
of visible stars by either star sensor slit. For 
the probe cruise, where the attitude is nominally 
at the south ecliptic nornal, it could be 
advantageous to reorient the attitude to 
(ecliptic latitude) 8 * 17»o f (ecliptic 
longitude) £ = 0® to potentially acquire Gacrux 
and Foaalhaut. 

A quick look at these charts indicates that four 
or aore stars are available 100 percent of the 
tiae for the probe cruise. For the failure mode, 
when one star sensor slit is inoperative, tne 
required four stars needed for complete 
observability are therefore available. 

Figures 4.1. 1.2-9 and 4.1.1.2-10 depict the 
potential attitudes and star availability for tne 
Large and Snail Probe release maneuvers tor a 9 
December 1978 arrival date. 

4 .3. 2. 3.7 Overall Attitude Estimation Accuracy . Table 
4. 3.2. 3-5 lists some proainent events in the 
noainal aission when an attituae determination, 
either "Quick-Look* or “Refined*, in conjunction 
with an attitude estimation, are recoamended to 
occur. 

4. 3. 2. 4 Typical Coaaana Sequences and Telemetry 

Verification . The Initial Spacecraft 
Configuration tor a typical attitude 
determination sequence is shown in the "Assumed 
Steady-State (Pre-flaneuver) • column of Table 
4.3. 1.4 .3-1. 


The feasible telemetered data types for use m 
determining or estiaating attitude are snow n in 
Satrix format in Table 4. 3.2. 4-1. A specific 
step-by-step coaaand sequence, that includes 
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corresponding telenetry verification, for each 
telenetered data type is identified by Table 
naaber in each cell of this natrix. All of these 
tables are included in this Section 4. 3.2 .4. 

4.3.3 Boil References . The feasible crebinations for 
establishaent or transfer of Selected Roll 
Reference are shown in Batrix foreat in Table 
4.3.3-" A specific step-by-step coaaand 
seqaen , that includes corresponding telenetry 
verifi ._tion, for each SRR transfer coabination 
is identified by Table naaber in each cell of 
this aatrix. All of these tables are included in 
this Section 4.3.3. 

4.3.4 Holtiorobe Power and Thernal Operations . This 
section describes the power load and heater 
configa rations, solar panel perfornance, and 
battery nanageaent for all of the various 
Bultiprobe critical aission events. 

4.3 .4.1 Bultiprobe Load Hanaoeaent . The Bultiprobe load 
configurations are shown in Table 4.3. 4. 1-1 in 
chronological order. The start tine for each 
aission phase is indicated at the top; launch (L) 
is the zero tine reference. The sun angles with 
reference to the spin axis and the solar 
distances are also listed. The latter deteraines 
the effective solar intensity, which varies fron 
0.97a near Earth to 1.933 near Venus. 

All loaas are grouped by subsystens. The 
electrical nature of the load is defined by a 
letter: P for constant power, I for constant 
current and R for constant resistance. The 
operational node of each load for each nission 
phase is also indicated: on, standby, or off. 

The total spacecraft load, listed near the nottow 
of the table, represents the power required by 
all spacecraft loads, including science. This 
aaount of power must be supplied by either the 
battery, the solar panel, or in a shared 
battery /solar panel aode. 


4 .3-44 


The niniaun available solar panel current at 2b 
volts and the aargin, or contingency, are shown 


Section No. 4 .3.4, 1 . 1 

Doc. No. PC-403 

Ong. Issue Date 5/22/78 
Revision No. 


Revision 


at the bottom of the table. Battery current, 
a ape re -hours consuaed and battery depth of 
discharge (DOD) are also listed for those mission 
phases where the battery is active. 

Available solar panel power is a function of 
solar constant# son angle and radiation loss. 

The solar panel power listed in the table assuses 
that a aassive solar flare has occurred, it also 
includes a 2 degree solar angle uncertainty. If 
solar flare activity during the nission is not 
severe, additional solar panel power will be 
available. 

The loads shown in the table are based on actual 
■easureaents but they still have a snail anount 
of conservatisa to allow for aeasureaent error, 
aging effects, etc. Also, the budget allowance 
for Bus science is very generous. Actual science 
loads are soaewhat lower and during cruise are 
turned on only for short checkout periods. 

4 .3.4. 1.1 Prelaunch. Launch and Spin-no . The prelaunch and 
launch loads shown in the table are powered fron 
the blockhouse until 30 ninutes before liftoff, 
at which tine power is transferred to spacecraft 
batteries. 

The total patter y DOD expected for pre -launch, 
launch, abd spin-up is 27.1 percent. The battery 
charging circuitry is conaanded into the low rate 
charge state prior to launch so that the 
batteries will be recharged soon after the sun is 
acquired. 

Actuation of tne spacecraft separation switches 
initiates a coanand sequence stored in the 
coaaand aeaories. These autoaatic cow Bands turn 
on both Attitude Data Processors (ADP) , turn on 
spin-up yets for approxiaately 120 seconds, and 
then turn off one of the redundant ADP units. 

To prevent trip-off of the switched loads and rf 
transmitter power buses during launch due to 
vibration induced relay contact chatter, the 
override or "power system not protected" relay is 
turned on daring pre-launch via PSPIp or PSPAp, 
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"Power Systen Protection OFF." This switches in 
a redundant path for those power bases. 

4 .3.4. 1.2 Cruise . Shortly after initial ground station 
acquisition, the following events occur: 

(a) The OV/OL switch is coaaanded to "power 
systen protection on". 

(b) Both coanand nenories are turned off. 

(c) The star sensor is turned on. 

(d) The Large Probe heater is turned on. 

Thirty watts of solar panel power is allocated to 
science for operation of the Bus instruaents. 
However, BUS and BIBS require only approxinately 
5 watts and they operate only for short tine 
periods during science checkout periods. 

During the initial cruise phase, which continues 
until entry ainus 28 days, the solar oanel spin 
axis is nocaal to the sun. As shown by Table 
4. 3. 4. 1-1, there is a aininoa of 2.10 anperes 
surplus current near Barth that is available to 
heat the equipnent shelves. 

The Bus shelf heaters will probably stay on until 
approxinately L+60 days. At this tiae, the shelf 
teaperatures will increase and the shelf 
theraostatic switches will autoaatically turn off 
and deactivate their associated voltage Uniters. 

The Large Probe shell heaters will probably be 
needed until L*80 days. However, if the probe 
forward shelf teaperature reaches -t55<>F before 
this tiae, the heater should be turned off to 
prevent degradation of the probe silver zinc 
battery - 

After the probes are released, the Bus spacecraft 
sun angle will oe between 40 and 60 degrees. The 
solar panel output at this tiae will be nore than 
adequate to operate the spacecraft without 
battery power. 

4. 3. 4. 1.3 Thrust Correction Baneuvers . All thrust 
correction aaneuvers before reorientation are 
planned to be performed with the spin axis 
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perpendicular to the sun line. The only 
additional major load, beyond the cruise loads, 
is a jet thruster solenoid. Therefore, the 
batteries will not be needed during the TCHs, 
assuming the planned attitude for these 
uaneuvers. The solar panel will continue to 
support all loads and naintain the bus voltage at 
29 .5 volts. 

Snail Probe and Bus Targeting naneuvers are 
performed at lover sun angles, but there will be 
adequate solar panel current to ueet all load 
require Bents without the need for battery 
support. 

4 .3.4.1. 4 Probe Checkouts . Snail and Large Probe checkouts 
are scheduled to start at L*60 days, when the 
second S-band anplifier is connanded on. 

If probe checkout current is United to 3 
amperes, the solar panel will provide all 
required power without supplemental battery 
current. Table 4. 3. 4.1-1 shows a worst case 
power configuration wherein 56 watts is provided 
to the Large Probe science instrunents after 
reorientation at a sun angle of 49 degrees. This 
will allow low rate charging to continue during 
probe checkouts and still provide a solar panel 
contingency of 0.605 anperes. 

To prevent excessive thermal dissipation in the 
Large Probe during checkouts, the Large Probe 
shelf heaters should always be turned off 
initially and then turned on again, if necessary, 
after the checkout is completed. 

4.3.4. 1.5 Reorientation IHorn Operation) . on day e- 28. the 
spacecraft spin axis is reoriented to a sun angle 
of approxiaately 49 degrees and the horn antenna 
is pointed toward Barth. This will sharply 
increase the Large Probe temperature and the 
probe shelf heater must be turned off. Table 

4. 3. 4. 1-1 shows a minimum contigency of 3.33 
amperes. The Table assumes that only one 10 watt 
S-Band Power Anplifier is turned OB, but a second 
S-Band power anplifier can be easily 
accommodated. 
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During the entire cruise period, the Bus 
batteries will be on low rate trickle charge. 
Since the Bus batteries will be required to 
provide large pyro currents during Large Probe 
separation (and support spacecraft loads if sun 
angle is low at this tine) , it is desirable to 
naxiaize their stored energy to guarantee that 
they will provide the aininua required 5 anperes 
per bridgewire (3 bridgevires per battery) et the 
required nininun pyro bus voltage of 17.6 volts. 
This is acconplished by charging at the hign 
rate. This nust be acconplished before 
precession to the low sun angle Large Probe 
release attitude, At low sun angles, the high 
charge rate is sharply reduced. High charge rate 
should be continued until the battery voltages 
•roll-over". (is the batteries charge, their 
voltage slowly rises and after full charge is 
achieved, their voltage peaks and then starts to 
decrease. After this occurs, low rate charging 
should be resuned.) 

4 .3 .4. 1.6 Large and Snail Probe Separation . Large Probe 
separation can occur over a 24.5 to 37.0 degree 
range of sun angles. The solar panel will be 
able to supply all spacecraft loads at sun angles 
exceeding approxinately 28 degrees. At lower sun 
angles, the batteries nust augnent the solar 
»nel. Tab}* 4. 3. 4. 1-1 describes a worst case at 
the lowest sun angle. Battery DOD is 26.7 
percent for 4 hours of operation. 

During Large Probe separation, battery charge 
should be in low rate charge to xinini 2 e battery 
tenperature rise. After Large Probe release, the 
spacecraft spin axis is precessed to a higher sun 
angle. The Bus batteries should then be 
recharged again at a high charge rate until 
•roll-over" and then connanded back to a low 
charge rate. 

Saall Probe separation occurs at low sun angles 
that range fron 17 to 26 degrees. At the higher 
sun angles, unrestricted high power S-band 
operation is possible. At the lower sun angles, 
it will oe necessary to restrict the anount of 
tine on high power to linit the naxiaun battery 
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DOD to 60 percent. Daring L.P. release and S.P. 
release, a OV/OL failure that results in a trip 
of the non-essential bases coaid be catastrophic. 
Therefore, it would be prudent to coaaand the 
OV/OL to " Power System Protection OFF" (override) 
approximately 1 hour before each event, and then 
coaaand "Power Systea Protection OB" again after 
each of these two events. 

4.3 .4 .1.7 At no sphere Entry . Prior to ateosphere entry. The 
solar panel supplies all spacecraft and Bus 
instrunent loads. During entry, the panel will 
heat np rapidly and the batteries will then 
support all loads until the spacecraft 
disintegra tes . 

4.3.4. 1.8 Solar Panel Surplus Power . All solar panel 
contingency values, shown in Table 4.3 .4.1-1, 
specify the surplus current at 2B.0 volts. The 
fact that a surplus exists forces the solar panel 
voltage upward above 28 volts. If the shelf 
theraostatic switches are off, the voltage 
liaiters will claup the power buses at 29.5 
volts. If the solar panel is relatively cold and 
operating over the constant current portion of 
the solar panel V/l curve, the voltage liniter 
current at 29.5 volts will be egual to surplus 
current available at 28 volts. However, if the 
panel is relatively vara (i.e., near Venus) , the 
operating point will be on the knee of the curve 
(See Section 4.3.4 .3). This neans that when the 
voltage is driven upwards, due to available 
surplus current, the solar panel current will 
decrease and the voltage Uniter current will be 
soaewhat less than indicated in Tables 4. 3 .4 .1-1. 
If the surplus at 28 volts is snail, there nay 
not be enough current available to drive the 
panel voltage as high as 29.5 volts. The 
quiescent stable voltage will then be sone value 
between ' Ui.d 29.5 volts, and there will be no 
voltage Liniter current. 

The solar panel pover/current values shown in 
Table 4.3.4. 1-1 are conservative nininun values. 
It is anticipated that there will be sufficient 
current available to force the voltage liniters 
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into conduction at all tines except daring Large 
and Snail Probe release. 

“-3-4-2 0ss..9i Pro pp igign, flea leys. Section 3.2 

provides a detailed description of the thermal 
design, including the propulsion heaters. 

The propulsion tank heater group is on 
continuously. At launch the primary group is 
selected by ground couaand. Failure of any one 
of 12 heaters in this group can be detersined by 
teaperature sensors and/or special high 
resolution current sensors (described in Section 
3.8.3. 8) . If a failure occurs, the redundant 
secondary group can be selected by ground 
coanand. Either the priaary or redundant tank 
group heaters are cj at all tines. They cannot 
be commanded off. The latch valve and fill and 
drain heater current sensors monitor only the 
priaary neaters. If the secondary group of 
heaters is selected, these two TB signals will 
read zero. 

The radial thrusters and line heaters are on 
continuously also - they cannot be comaand off. 

The axial thruster and line heaters are 
coaaandable. They are both turned on at launch. 
The forwara axial heater is turned off after the 
horn reorientation aaneuver. 


Operation of t ie equipment shelf heaters is 
described in Sections 3.2 and 3. 8. 2. 3. The 
battery shelves will cool down after launch and 
Uniter 5 will conduct. This will provide 
approxiaately 33 watts to the battery shelf 
heaters and another 33 watts to the RF shelf 
heaters, if voltage limiter 5, or one of its 
associated theraostatic switches fails, liniter 2 
on the RP shelf provides a back-up capability and 
delivers tre saae amount of heat to the two shelf 
sections. The shelf heaters will probably stay 
on until approxiaately L+60 days. At this tine, 
the shelf temperatures and theraostatic switches 
will be high enough to automatically turn off the 
shelf heaters. 
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The shelf heaters will also cose on antonatically 
if the shelf temperatures reach excessively low 
values due to an sndervoltage/overload switch 
trip. 

Each Ssall Probe has a 2.0 watt forward shelf 
beater. These heaters probably will not be 
needed because the Small Probe forward shelf 
tesperature will probablv stay above the sinisus 
required value of *5°F . However, if the shelf 
tesperature drops below this value, the heater 
sust be turned on. then the Snail Probe forward 
shelf reaches v55°P, the heater nust be turned 
off. 

The Large Probe has a 2.4 watt aft shelf heater 
and a 19.1 watt forward shelf heater. After 
launch, the Large Probe forward shelf (and 
battery) temperature will slowly decrease. The 
probe shelf heaters sust be turned on when the 
forward shelf teaperature reaches +5°F. When the 
shelf tesperature rises to *55®F, the Large Probe 
heater nust be turned off. 

The probe shelf heaters must be turned off prior 
to the initiation of probe checkouts. This will 
present overheating the probe silver zinc 
batteries and help naintain their capacity at the 
regoired level. 

4.3.4 .3 Solar Papel Perfornance bv Mission Phase . The 

Multiprobe solar panel performance is summarized 
by the voltage/current curves shown in Figures 

4. 3. 4. 3-1 and 4. 3. 4. 3-2. These curves represent 
the minimum and maximum output that will be 
available. 

The solar panel sun angle bistory is shown in 
Figure 4. 3. 4 .3-3. The panel voltage/current 
characteristics, of course, are highly dependent 
upon sun angle. At sun angles below 30 degrees 
shadowing frow the radial thmsters and star 
sensor sun shield results in a small decrease m 
panel output. The curves shown in Figures 

4. 3. 4.3-1 and 4.3. 4. 3-2 indicate average output 
that reflects this shadow loss. Sun angles after 
horn reorientation on £-28 days can vary over a 
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snail range of values. The san angle that will 
obtain daring the nission vill be a function of 
launch date and probe target locations. 

4 .3 .4 .4 Battery Management . Battery charging will be 

connanded to lov charge rate at launch. It will 
reaain in low charge rate during the entire 
nission except for the short tine periods 
indicated belov. As explained in Section 
3.8.3 .4 , the noninal charge rate will be 
approxiaately 125 na for a solar panel that has 
experienced naxiaua radiation degradation. The 
noninal charge rate vill probably be closer to 
150-175 na. 

Approxiaately one day before Large Probe release, 
both batteries should be connanded to high rate 
charge. High rate charge should be naintained 
until the battery voltage "rolls over". This 
vill naxinize capacity and voltage under heavy 
load (required for pyro firings) . 

High rate charging should again be connanded on 
approxiaately one day before Snail Probe release 
until battery voltage "roll over" occurs. 

Folloving Snail Probe release, high rate charge 
sbonld be connanded on again until "roll over". 

If Bus targeting is perforned at sun angles belov 
25 degrees, it nay be necessary to use the 
battery again during this phase. 

Bus battery charge nanagenent is sunnarized in 
Table 4.3. 4. 4-1. 

4.3.5 Probes Checkout . The Large Probe nay be checked 

out electrically nominally any tine after L+60 
days and prior to separation fron the Bus. The 
Snail Probas nay be checked out electrically 
anytine between initial ground station 
acquisition and prior to separation free the Bus. 
Connandable engineering and scientific instrument 
funct ons (except for nonreversible functions) 
cac he verified and operating characteristics 
determined for the cruise operating environnent. 
The Bus vill provide checkout power, 
conn uni cat ions, telemetry of the checkout data. 
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and control of the realtiae or stored checkout 
conands. Bach probe will provide foraatted 
probe data aodolating a probe-generated telemetry 
subcarrier • 

The Bus can only transmit one probe subcarrier 
(and either of two probe bit rates) at a tiae 
without creating distortion in the data stress. 

1 Bus sobcarrier containing any Bus data foraa* 
at aay bit rate supportable in the link budget 
can be transaitted steal taneously . 

t »3.5>1 ItegftJL ppd Poygr. SMtfttaiaig* theraal and 

power constraints which liait probe checkout are 
discussed in Sections 5. 1.2. 1.2 and 5.2.2. 1.2 for 
the Large and Saall probes* respectively. In 
sunaary, Large Probe checkout cannot be perforaed 
before approxiaately the 60th day after launch 
because the Large Probe's teaperatures are below 
the ainiaua operating liait* whereas the Saall 
Probe's teaperatures are expected to be above the 
ainiaua operating liaits throughout the cruise 
phase. Any one or wore scientific instruaents on 
any probe aay be operated indefinitely during 
checkout of that probe as long as [SXFR1T AMD 
Sir»2T AMD PXBATT are all < ♦85op) AMD [ SXAP1T 
AMD SXAF2X are both < *122®F), where X = L for 
the Large Probe, or = 1 or 2 or 3 for SP1 or SP2 
or SP3 respectively. Once any liait is reached 
the equipaent should be turned OFF, and checkout 
of that probe should not be resuaed until tne 
teleaetered teap era tare that indicated the liait 
level has decreased by > &5*F. 

h .3 .5 .2 SB fe SIs &ea QBgm ifta-gfca£lfitSgi§U£S 20 & 

Constraints . Except for probe internal data 
formatting* probe checkout utilizes Bus 
subsystems. Details of the coaaand* data 
handling* coaa unicat ions and power operating 
characteristics 2 nd constraints during probe 
checkout are discussed in Sections 5. 1.2. 1.2 and 
5. 2 .2. 1.2 for the Large and Saall Probes, 
respectively . 

4 .3 -5-3 Probe Checkout Sequence . Table 4 .3. 5. 3-1 

presents a representative probe checkout sequence 
for the Large and Saall Probes. The sequence is 
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divided into five puts: 1} Dos Preparation. 2) 
Proto Preparation. 3) Functional Check ost. 4) 
Proto Becoaf iga ration. and S) Post Checkoat 
Re tarn to Initial Good it loss. 

The conaaads required ia Subsequence 1). Bus 
Preparation, depend oa the initial coedit ioas and 
the desired node of operation: High or low power, 
forward or aft owai antenna, etc. The particular 
subsequence 1) io Table 4.3.5.3-1 is 
representative . The assaaed initial conditions 
and operating configuration are indicated. 
Similarly, details of sahseqaenca 2). Probe 
Preparation, depend on the desired data rate aad 
format. The particmlar sw bs eq peace 2) in Table 
4 .3. 5.3*1 assaaed atiliratioa of the fornat aad 
data rate initialized at C/DO tarn oa. The order 
of commands in subseqnenca 3) . Functional 
Checkout, is also arbitrary. The specific 
selection of these coaaands depends on which 
functions are to be checked out. The order of 
coaaands presented in the table allows checkout 
of all controllable engineering functions with 
the ainiauw nuwber of conaaads . 

Checkoat of controllable scientific instrnnent 
functions will be performed in combination with 
the engineering sequence. The scientific 
instrument coaaands which are available for 
checkoat are listed in PC-455. Beference 
Paragraph 1.5.1. 

A representative time to perform scientific 
imstrwaent checkout is indicated vithin 
Subsequence 3) . The engineering coaaands are 
indicated which wust proceed scientific 
instrument checkoat to establish the desired 
format and data rate and to connect power to the 
science bus. 

Once the C/DO is turned on. the fora&t and data 
rate are autoaatically initiated and all 
teleaetry channels are available in the probe 
data streaa. As long as the data node is not 
changed by coaaand. all engineering conaaads can 
be executed aad the response verified. 
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By t vrs lag OFT ttM proto ctocfcoot powr (tto 
first cotaud of Satoagawca S)|. all probe 
mtoystaos are tcraodl OFF. This is tie fastest 
shetdoea approach ia the evest of aa eeorgeacy. 
Ibvavar, this leases the probe aagaetic latchiag 
relays ia their last state sad aot ia the state 
desired at initial tan os. Sabsegaeace a) 
recoa fig ares the probes to the desired iaitial 
coat igaratioa . This segeeace shoe Id be ased 
ah ea ever aaeapected (bat aot eeorgeacy) shatdova 
is regaired. Part honors, esea dariag aoraal 
operation, as ra presea ted by Sabsegaeace 3) , the 
entire recoaf igaratioa segeeace caa be perforaed 
prior to fiael tar a off of the probe coaaaad/data 
aait. This provides additioaal assarance that 
all relays have toot recesfigared to their 
iaitial states, i.e., tamed OFF. 

Fiaal Sabsegaeace 5) , Post Cbeckoat aad Betara to 
Iaitial Conditions, is the coa verse of 
Sabsegaeace 1) • If a differeat operating a ode is 
established thaa that described by Sabsegaeace 
1) , appropriate changes east be Bade to 
Sabsegaeace 5) • 
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TABLE 4. 3. 1.3-1 
THRUSTER USAGE 


MANEUVER 


Spin Control 


JET CONTROL MODES (PRIMARY AND BACKUP) 


S**mp 

Spindown 


Canted Radial AV 


Axial AV 


Attitude Precession 


1) R1 and R3 Continuous 

2) R1 Conttaaous 

3) R3 Continuous 

1) R2 and R4 Continuous 

2) R2 Continuous 

3) R4 Continuous 


1) R1 and R2 Poised Simultaneously at spin 

frequency. 

2) R3 and R4 Pulsed Simultaneously at spin 

frequency. 


11 A5 Continuous 

2) AG Continuous 

31 AS Pulsed at Twice Spin Frequency. 

4) A6 Pulsed at Twice Spin Frequency. 


11 R1 and R2 or R3 and R4 pulsed Simultaneously 
at Spin Frequency. 

2l R1 and R4 or R2 and R3 Pulsed Simultaneously 
at Spin Frequency. 

3i A3 and A6 Pulsed Simultaneously at Spin 
Frequency. 

41 A5 Pulsed at Spin F regency. 

5) A6 Pulsed at Spin Frequency. 
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TABLE 4.: 
SUMMARY OF NOMINAL MAN) 


Maneuver 


Attitude Precession 


Jet Selection 


1) Axial Jet Couple 


2) Single Axial Jet 


3) Radial Jet AV Pair 
with Thrust Offset 
from Center of Mass 


Mode (Pulse 
Width, Ms) 


Pulse (128) 


Pulse (128) 


P"lsc (128) 


Spin Speed 


1) Radial Jet Spinup 
or Despin Pair 

2) Single Radial Jet 
Spinup or Desptn 
Thruster 


Continuous 

Continuous 


Velocity 


1) Single Axial Jet 


Continuous 


2) Radial Jet AV 
Pair 


(a) Pulse (512) 

(b) Pulse (128) 



0. 006 MPS/ 
Pulse 


1. 07 MPS/ 
Lb 


0. 002 MPS/ 
Pulse 


1. 71 MPS/ 
Lb 
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TAB I K 4.3. 1 .4. .'l-l 

SPACECRAFT CONFIGURATIONS FOB A TYP1CAI. PRECESSION MANEUVER 


Time Rolntlvo 
to Maneuver 

Equipmont 

Assumed 
Steady -State 
(Pra -Maneuver) 

■rtnir^PTmilPI 

2« M. 


1. IS (Omni; 1 o XMTfl 

1 AsiWAv.Upiuj ™ 

Mod Index (Radians) 

pwr; 20 M DSN). 

Tranamlt Antenna 

Fwd Omni, 

Hecelvo Antenna 

Rcvr 1 to Fwd Omni; 
Rovr 2 to AR Omni. 

Exciter 

1 ON; 2 OFF. Coherent 
Mode Enabled, 

Power Amplifier^) 

1 ON; 2, 3 ,44 OFF. 
(•- Ixjw Power). 

States of Transfer 
Switches 

I.ow pwr to Fwd 
__ Omnl/llom. 

( 2 ) Fwd Omni solected. 

(T) Exciter 1 selected, 
(t) AMP 1 to l.ow. 
f 3 j llovr Norm Soloot. 
AMP 3 Selected. 

f Controls S/8 1 ■ Star 
Sensor Channels! 

e dr* 6 if/ * both ON. 
e IIP & Threshold 
settings! as req'd. 


Just Prior to 
Flrat . 



Only the ohanges from tho preceding column are ahown 


dOJSJMg 
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I A III. K 4.3. 1.4. 3-1. (Continued) 


' r lmo Itolat o 
to Maneuvoi 

Kqulpment 

Assumed 
Stoutly- State 
(Pre-Maneuver) 

Just Prior to 
First 
.Jet Fire 

— " ■ — - — ■- -! 

Between First 
Jet Fire ft Last 
Jet Fire 1 * 

Immediately 
After Last 
Jet Fire 1 * 

Assumed 
Steedy-State 
(Post- Maneuver) 1 

(controls S/S | (font'll) 
Sun Sensors 

Mld-Kange Selected 

If final spin axis 
stt. Is 4 30° off 
norm. , then 
appropriate 
extend, sun sen- 
sor should ho 
selected prior 
to jet firing. 




Attitude 

Data 

Proces- 

sor 

ON/OK estate 

A OP 1 ON. 





Measurement 

Select 

A HI Channels In any 
configuration. 

Configure for 
spin rate ft sun 
aspect anglo 
measurements! 

At 0 to 0 
Ut 0 to 0 2 




•let Control 

(l) All .lets Disabled, i 

(?)Spln rate detector 
enabled. 

(font'll) 

Tj Preferred) 
Tab ft Afi select) 
or AS selector), 
or AO selected; 
or Backup Mode 



Same ae Column 1 . 

Choices; 

(III " 1*2 select) 
or (113 ft 114 select; 
or (III ftlt4scloct] 
or (112 ft 113 select 


Only the changes from the preceding column are shown. 
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TADI.i: 4. .J. 1.4. 3-1 (Continued) 


W W 



9 9 


9 


Time Relative 
to Maneuver 

Equipment 

Assumed 
Stoady-State 
(Pre- Maneuver) 

Just Prior to 
First 
Jet Fire 

Between First 
Jet Fire & Last 
Jet Fire 1 ' 

Immediately 
After Last 
Jet Fire 1 * 

Assumed 

Steady-Slate 

(Poet-Maneuver) 1 


0 All othor oholcesi 
DNA. 

0 Pulse fire; 
pulse count) 128 
ms pulse width) 
normal fire 
mode - all 
selected. l " 




1 Controls S/S| (Cant'd) 

Attitude 

Data 

Proces- 

sor 

Jet Control 
(Cont'd) 

A DP Mode 
Select. 

0 SRR Advanco Inhibited 

’0 Sun Gate enabled. 

(0 Normal ((kite A ’ 

1 1 . 2B° wide) seleoted; 
SRR Seleoted) sun solno 
ted; 

08Ur Gates A & Hi 
Channel 1 W ) selected. 

(0PLL loss of look 
enabled. 

^)pi,l. Spin range of H.O 
- 17.7 rpm selected. 





A P Configure 
Commands 3 
Through 1 1 

^Jjet countdowns All 
Zeros. 

(Continued) 

0Jet countdown 

magnitude & 

ACfi angle delay 
magnitude both 
loaded. 

0Jet countdown 
magnitude decreas- 
ing by one per S/C 
revolution. 

^^Jet countdown 
magnitude at all 
binary ones (de- 
cimal 4035), & 
no longe • chang- 
ing. 

Same an Column 1 . 


1 Only the changes from the preceding oolurnu are shown. 


***For t.arge Precession Maneuvers, the time count mode will be used. 


Section io. . q.jrStj, 

Doc- »o- -gSrlM 

Orig . Issue Date 5/22/78 
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TABLE 4.3. 1. 4.3-1 (Continued) 


Time Relative 
to Maneuver 

Equipment 

Assumed 

Steady-State 
(Pro- Maneuver) 

Just Prior to 
First 
Jet Fire* 

Between First 
Jet Fire & Last 
Jet Fire 1 * 

Immediately 
After Last 
Jet Fire 1 * 

Assumed 
Steady-State t 
(Post- Maneuver) 1 


2^ACS Angle i Delay mag- 
nitude as required, If 
Star Gate B Is in use. 

3) Roll Index Delay magni- 
tude as required. 

4JPLL Spin period magni- 
tude - same as prevailing 
spin period. 

y JCE buffer output dis- 
abled. 

(5)jCE buffer 
^enabled. 

^^Flre lnterloo) 
Then fire. 

( 

2 ) jce buffer dis- 
abled at fixed 
time delay reta- 
il ve to 1st pulse 
firing. (This is 
baokup turnoff of 
)ets. Normal 
turnoff of jets 

occurs when JCE 

countdown regis- 
ter counts down to 
all zero ft oyoles 
once to all ones). 


Attitude 

Data 

Proces- 

sor 

(Cont'd) 

ADP Configure ( 
Commands 3 
Through 11 
(Continued) ^ 

( 

( 

Spin Rate 

IS rpm. 





Icommand S/8| i | 

Command Processor ^ 

( 

[) 1 i 2 ON. 

2) Receiver normal seleot 

3 ) SCI. 1 ft 2 cleared. 





Command Output 
Modules 

1 Through C ON. 





Pyrotechnics 

PCI) Disarmed. 






!• 

Only the changes from the preceding column are shown. 
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TAB1.K 4. 3.1. 4.3-1 (Continued) 


Time Helatlvc 
to Maneuver 

Equipment 

Assumed 
Steady -State 
(Pre- Maneuver) 

Just Prior to 
First 
Jet Fire 

Between First 
Jet Fire & latst 
Jet Fire 1 * 

Immediately 
After LaBt 
Jet Fire 1 * 

Assumed 
Steady-State > 
(Post-Maneuver) 1 

|l>ata Handling S/S |> 
Nominal Bit Hate (bps) 

At highest supportable bit 
rate via )\vd Omni and 
26 M DSN. 

To highest 
supportable bit 
rate via Fwd 
Omni 6 04 M 
DSN. 




Data Format 

Bus Engineering 

ACS 



Bus Engineering. 

PCM Encoder 

1 ON; 2 OFF 





TM Froeessor 

1 ON/2 OFF. Sul>carrler 
convolutional encoder & 
data All ON. 





Data Input Modules 

All 8 ON. 





1 Power S/S | : 
flatteries D. O. D. 

0%. 





Batteries Charge/Dls- 
charge State (typical) 

T) l/ow charge rate 
select od. 

mmary discharge 
teg. selected. 





I’rotoctlve Circuits 

All 5 limiters enabled, 
UV/OI, protection ON. 
Procharge OFF. 





Science Bus 

All I-oads OFF. 






Only the changes from the proofing column are shown. 


W HQOtA 

s sag* 

H> H>«0 t t* 

S. 8.’ a S' 

O O M o 0 

0 on* 
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TABLE 4.3.1. 4. 3-1 (Continued) 


Time Relative 
to Maneuver 

Equipment 

Assumed 
Steady -State 
, Pre-Maneuver) 

Just Prior to 
First 
Jet Fire 

Between First 
Jet Fire & Last 
Jet Fire 1 * 

Immediately 
After Last 
Jet Fire 1 * 

Assumed 
Steady-State t 
(Post-Maueuver) 1 

1 Propulsion S/S| : 
Latch Valves 

1 & 2 Closed. 

1 &/or 2 
Opened as 
required. 



Both closed. 

Heaters 

Primary tanks, forward 
and Aft Jet Heaters all 
ON. 






1* 

Only the changes from the preceding column are Jhown. 
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* TABLE 4. 3, 1.4. 3-2 

TYPICAL PRECESSION SEQUENCE 


Command 

Mnemonic 

Command or Action 


Telemetry 

Mnemonic 

© 

Tvnical In-Tranalt ProcoHslon from Ecliptic Normal A'" tude. 


• Determine up-to-date pre-maneuver S/C attitude, spin rate, 6 
velocity for use In determining required precession magnitude 
& for comparison to post-maneuver values for performance 
evaluation. 

© 

• Via an offline computer program, the up-to-date Iblt(s) f°r the 
selected thrustor(s), the ACS angle delay magnitude requlrod for 
correct spin axis precession direction (Including biases for sun 
sensor reference pulse & engines thruBt vectors), & number of 
thruster(s) pulses (Jet countdown magnitude) required to complete 
the precession shall be calculated. 

• An offline computer progr m may also be used to predict the 
expected cross-coupling errors In spin rate & Av resulting 
from the planned maneuver. 


0 

• Configure for spin rate & sun L.O.S. measurements throughout 
the Impending maneuver: 


ATQtfl: 
MKAlSIUt; 
MEA2 S2S 
(PSI2). 

A DPI configure - measurement select. 

AM1AOS 

AMD ADS 

0 

• Based on latest measured spin period, update PLL apln period 
magnitude (below): 


_ 
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Tal.lo 4. i, 1.4. 3-2 (Continued) 
Command 

Mnemonic 


Command or Actlor 


Telemetry 

Mnemonlo 


Remarks & Verification 

Remarks & TM Data 


Typical In-Transit Precession from Ecliptic Normnl Attitude (Cont'd) 
AT<J#7 ADP1 Configure - Pt.l. Spin period mngnltudo (Eight MSBs) 

AT7)7fl, 
which In 
combina- 
tion of 
ATQ07 A 
AT (see 
ahead) 

O ADP1 Configure - I’l.l Spin period mngnltudo (Might IXDn) 

ATQ08 

1IM8PNPDI} B 


A SIM 87, 
(word 0) 


MS Us values of A M1AD8 (measured spin 
porlod) are commanded here for potcnllnl aim 
ulntod sllR use during ensuing pulse fl ring. 

Corresponds to that value commnnded. 


USDs value of AMlAI)S(menauredapln 
period) here for potential simulated SltR use 
during ensuing pulse firing. 


A8IM8/, Corresponds to that value commanded 
(word 10) 


@ e Configure 8/C for Jot firing short of .lC'E buffer enable A 
opening of latch valve(s): 

aTOflz A UP Configure - Jet Control ([ Prefer red i (A5 A AO aelcoted) or (AO 

RnK RnD selected) or (AO selected) J OR [ Backu p Mode 
AmE ' Choicest (R1 A K2 Selected) or (R3 A 114 aelcoted) or (111 A R4 sclec- 

AmD, as ted) 2£ M* 2 * 113 selecterl)] ) normnl fire mode, 128 ma pulse width, 

requfred puine count, pulae fire, and spin ml" detector enabled - nil selected, 
(m=l thru 
4; mriJthru 
7): FMN; 

1,8; CP; 

KP:8Tll)E. 


AJETI8 

Through 

AJET08 

A8DET3 

A.I ETMR 
(word 2) 

AM ACCS 

AIHII.1.8 

A.I I? I’ MR 
(word 3) 


•- 1 for aeloetad Jeta; 

- 0 for remaining Jota. 

I (apln rate detector enabled) 
* 0 (Pulau fire aelecled) 


1 (pul so count) 

0 (178 ms. pulse width) 

1 (normnl fire select) 



89-ft 


T able 4 . 3. 1.4. 3-7. (Continued) 


Com*" and 
Mnemonic 


Command or Action 



Tyulcal In-Translt Procession from Eclipt ic Normal Attitude (Cont'd) 


AT(J04 ADl’l Configure - Jet countdown. 

MACSEC (load number of pulses to be ftrod) 



ATQ05 

AC'SANO 


ADl’l Conflguro - ACS angle delay magnitude (azimuthal nnglo 
dclny between occurance o( aun rcforcnce pulse and Initiation of 
one pulae firing per apln period). 


® 


• Verify ADI’ mo<lo telemetry la na Indicated at the right: 


Telemetry 

Mnemonic 


Remark • » & Verlflcat.on 

Remarks 1 TM Da»o 


SO HOOK) 

5 3 3.&S 

M 5 • 

I g*M? 

* 

*fl . 


A JMAOC JCE countdown - magnitude corres- 

ponds to thnt value commanded 


Notes : 

(1) Each pulse firing of the total 
number of pulses loadod above will 
occur at this oonstai i delay, A large 
procession may warrant two or more 
blocks of pulses, etch block having a 
unlquo angle delay magnitude for all 
of Its pulses, 

(2) There Is a one count bins, l.o, , 
the actual delay Is one oount greater 
than the commanded value. 


ADVAN8 

* 0 (8KU advance Inhibited), 

A 811 NOS 

- 1 (sun gate enabled) 

A*ACQ8 

•- 0 (normal) 

A8RIIMS 
(Hit 0) 

■ 1 (8RR selocted) 

A Sill’. MS 
(Hit 8) 

r 1 (sun selected) 

ASHNKK 

Sun Scnsori Midrange selected. 

. (Assuming precession magnitude sim 0 ^ 

A ‘(IASS 

Star Oslo A - 1 (channel 1 aolected) 

A»onsn 

Star (late ft « 1 (channel 1 selected! 

AI.OI.ES 

1*1.1, l.oee of look r 1 (enabled) 

ASl’INS 

1*1.1, 8pln range select: 8,0-17.7 R1*M 


tioo Bo. 
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TAIil. 1 . t,:i. 1.1. 3-2 (( ontlnuod) 


Command 

Mnemonic 






Command or Action 


Typical I n-Trunslt Pro ernnjon from Ec liptic Norm nl Attitude (cont’d) 
o Verify JCK buffer la dlaabied before proceeding! 


o Tranafer con.mnrv) control to 84 M DSN Station. Tune up-link 
fri-queney to produce phnae-locked downlink correapondlng to 
rent frequency of VCO In Receiver 1. 

o Configure downlink for III trnnamltt«r |>owcr and Fwd Omni 
uaage : 


Mower Amplifiers I and 2 OKI-', 
o Verify loan of downlink before proceeding. 


High Power to pwd Omnl/llorn Select. 


Telemetry 

Mnemonic 



Amplifier 1 to High Power Select 


(9IH PA I ()N/2 0n. 

AMPRor 
AMT’AO 

(t>p) PA .1 ON/4 Oi l', 

AW PTO or 
AMPC0 


Remarks t Verification 


Remark! t TM Data 


0 (JC F. fire dl.a bled). 



J-oaa of Downlink Carrier, 


No downlink - not verifiable In rcnl lime 


No downlink - not verifiable In real time. 


Cnrrler may be detectable at multiple of 
rea frequency of VCO In receiver 1 
(ahould be phnae-locked), 

.‘kifflolent downlink ahould be preavnt (or gttd 
receiver look on (ho carrier demodaync wlUi 
the subcarrleri f> bit »yno on Ihe data, Vramr 
ayno will follow later becimiw) of (he low bit 
rate. 
















0/.-C* t 


TABLE 4. 3, 1, 4. 3-2 {Continued) 




Momcnlnry disruption In il:il i In wm »l 
cnse - likely demod svnc, 1)11 synr, and 
frnme nync will be retained iih carrier 
suppression In deorenscd by n, i dP. 

Indicates 10 bps. 


Illgh/I.ow l’ower to Pwd or Horn/ Aft Omni 
Status * 0 fill Power to hwrl or Horn). 

AMPI/2 to 111/J/) pwr - 1 (AMP 1 to HI). 

porwnrd Omnl/Hom Switch Pos. •• I 
(I'Orwa-d Omni Selected). 

PA t temperature settles :il "ON" level, 

III' Power output I • 9, 15 Watts (Nom. ). 

PA 3 temperntnre risen fr settles ;il "ON" 
level, 

IIP power output 3 » 0. 5 Watts (Nom. ), 

Amplifier 3/4 Switch Position • 1 
(Amplifier 3 Selected) 
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TABI.E 4, 3.1,4. 3-2 (Continued) 


Command 

Mnemonic 


Command or Action 


Typical In-Tranalt Precession from Ecliptic Normal Attitude (oont'd 


• To produce higher sampling of pertinent dnts during the 
maneuver, switch to the AC8 Format) 


TPCtJI or Telemetry processor control - format select (to ACS Format), 
TPCtJA 


Telemetry ] 
Mnemonic 


Itcmarka H Verification 

rtomnrhe t TM Data 




ATQll 


• According to the selected thruster(s), open the pertinent letch 
valvcsi 


1 mtoh Valve 1 Open (If required - for use of any combination of R3, 
H4 or AS). 


Ijitch Valve 2 Open (If required - for use of any combination of HI, 
112 or A8). 


Verify proper latch valve status before proceeding. 


AIJP 1 Configure - .ICE Buffer Output Enable. 


e Vr.lfy that Buffer In enabled before proceeding, 

ADP 1 Configure - Jet Fire Interlock. 

• Immediately after executing the following Jet Fire command, 
monitor the Indicated telemetry data. As ground backup to the 
onboard system, be ready to execute the JCE buffer output dis- 
able command (abend), If telemetry Indicates a significant 
deviation from expected values. 




• loss of frame sync. 

• If 3 suooeaalve minor frames are 
required to re-eetrbllsh frame sync, 
then 90 seoonds (worst onsc) will 
elapse before It oocura, due to 10 bps 
rate. 



VAI.V18 Utch Valve 1 Open/Cloeed - 1 (Open), 


VAI.V2H letch Valve 2 Open/Closed ■ 1 (Open). 


AJCEtS JCE Buffer » 1 (Enabled). 


The S/C Is protected against erratic per- 
formance by i 

PI. I loss of l/ock enabled (two succes- 
sive out-of-lock occurrences terminates 
the maneuver). (Continued) 
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TAM K ». 3. 1 . •». ri-2 (Continued) 





Kcmarks A Verification 

i 

Camiiiaml 

Mnemonic 

Command or Action 

'1 olometry 
Mnemonic 

Kcmarks i TM Pali 

© 

(Continued) 

Typical In-Tramdt Preccualon from Kcllptle Normal Attitude faint'd) 

( 

' 

2^) .Spin rule detector enabled (If a pi n rate 
exceed* the rang*' U. 7 to 07 rpm - the 
maneuver la lermfnntedl, 

M On-board automatic firing duly cycle 
eletertnr (If firing duration per spin period 
exeix-da 2fl'l for certain, A exceed* 12"' 
jxmalblv, the maneuver la terminated'. 

4J Jet countdown circuit, (After the num- 
ber of pulse* loaded In tlu- countdown cir- 
cuit arc fired, .1CF. buffer and .ICF. fire 
enable latch (latter enabled In next atop) 
arc both .uitomatlcnlly tllaablcd). 

ATQ12 

API’ 1 Configure- - .Jet fire. 

AtK'KI-S 

JCK Fire Kimble 1 (firing), Itcmnlna 1 
only for firing duration, 1. e, , during 
pulse firing, likely It will telemeter as 
xcro. 



V.IKTIT 

Untllal Jot 1 Temp. 




V.IFT2T 

Itadlal Jet 2 Temp. 

1 




Itadlii) Jet 2 Temp, 

Inc renae 
for each 
thrualcr 
| prevlooalv 
J aelected. 




llndlal Jet 4 Temp. 
Fwd Axial Jet 5 Temp. 



vjktat 

Aft Axlnj Jet (! Temp, 



VTANKI* 

Tnnk l’reaaure - mnv allow a detectable 
gradual c lange, depending on magnitude ol 
prc-eeaalon. 




(( ontlnuedl 



« 

2 

£ 

o 

B 


HOOW 

a 0.8 * 


MvO • <+ 



y*l ? 

ohi 
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TABLE 4. 3. 1. 4. 3-2 (Continued) 




Remarks l Verification \ 

Command 

Mnemonic 

Command or Action 

Telemetry 

Mnemonic 

Remarks 6 TM Data 


Typical In-Transit Precession from Ecliptic Normal Attitude (cont'd) 


) 

ATQ12 


PLtMTI 

Bus Voltage Umltcr Current \ 

(Cont’d) 


PBU8LI 

S/C Loads Current J 




[f telemetry sampling of either of these 
oocurs during a let firing, a change will 
be seen (Inorease for PLIMTIi decree se 
for PBU8L1). (With use of AC8 forms! t 
16 bps, PBUSLI Is tetemetered once every 
10 sec.) PLIMTI, onoe every 2048 secs. 
With firing occurring for a 128 Msec, dur- 
ation onoe every 4 sec, probability of a 
ohange being detected Is very low). 



AM2ADS/ 

ATTM1Z 

SRIt to P8I2 - Changes ns expected (In- 
crease or decrease), and .at expected rate. 



AM1AD8/ 

ATTM1Z 

8RR to SRR - Changes as expeoted (spin 
rate) - based on estimated misalignments 
of thrusters. 



A1.0CK8 

PM, lx>ss of Lock * 1 (no loss of look)) 

If PLL toss of look has been enabled, a 
loss of the roll reference pulse for two 
successive S/C revolutions (and not before 
will cause this to drop to aero and termin- 
ate the maneuver. If PLL loss of lock has 
been Inhibited, this will stay at ”1” at all 
times. 



AJMAflC 

JC'K Countdown - Drcrroap* by one count 
per spin period. 


» 


ft 

4 


H- 
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0 
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Remarks & Verification 


TAIM.K 4.3.1. 4.3-2 (Continued) 


Command Command or Action Telemetry 

Mnemo nic Mnemonic 

Typi cal ln-Tviuinit P r ecession from Ecliptic Normal Attitude (cont'd) 

© o If a problem occurs during firing, send the next command 

Immediately. Otherwise, send It after a time delay from the 
previous jet fire command so as to lie executed onboard Immed- 
iately after the last pulse firing has occurred. 

A’ltjlff API* I Configure - .ICE Ruffer Output Id sable. AJCE1S 

nsj » Verify completion of firing via the telemetry Indication at the AJMAOC 

V right. 


Remarks fc TM Data 


■ 

AJCE18 

JOE Buffer * 0 (disabled) 

AJMAOC’ 

JOE Countdown has counted down to all 
zeros, then counter hss recycled to nil 
binary ones (decimal 4098) and stopped 
changing. 

AJCEF8 

JCE Fire Enabled ■ 0 (Not firing). 

AM2AD8/ 

ATTM1Z 

SHH to P8I2 - No ohange alnee termination 
of firing. 

AM1ADS/ 

ATTM1Z 

8HR to 8RR - No change slnoe termination 
of firing. 

AJCE18 

JCE Buffer ■ 0 (disabled). 


o Begin trajectory determination to establish AV caused by 
’ p recess ion. 

© o Reconfigure the S/C for post-maneuver steady-state operations 
_ (ass umes no subseq uent Immi nent mane uv er operations' 

( 20 /y l.atch Valve 1 Closed (If open). 

VAITlTor 

VAl.AH 


batch Valve 2 Closed (If open). 




batch Valve l Open/Closed * 0 (closed). 


batch Valve 2 Open/Closed - 0 (closed). 


» ROOM 

3 33 .?* 

£ list 

0 0 M • 


Date 
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TABLE 4. 3. 1 . 4. 3-2 (Continued) 


Command 

Mnemonic 

Command or Action 

Remarks S Verification ! 

Telemetry 

Mnemonic 

Remarks &■ TM Data 

UnD & Ami) 
(n =1 thru 4; 
m = 5 thru 7); 
FMNj P/8j 

Cl’ill’i 

SIIDE. 

Typical In-Transit Precession from Ecliptic Normal Attlturic (eont'd) 
A DP 1 Configure - Jet Control (all Jets rllnnbleiJ), 

AJET1S 

through 

AJETCS 

■ 0 for all Jets, 

ASDETS 

w 1 (spin rate detector enabled) 

A.IKTMS 

Continuous/pulse fire select ■» 0 (pulse). 

AMAtiCS 

Pulse/time count select ■» 0 (Time). 

A PULLS 

Pulse Width Select * 0 (128 ms). 

AJETM8 
(Word 3) 

Sormal/Alternate Fire Mode » 1 (Normal) 


ADP 1 Configure - Jet Countdown (= All zeros). 

AJMAC1C 

ICE Countdown * Magnitude of all zeros. 

ATQ78, 
which Is 
jomblnatlon 
of ATQ07 S, 
ATQ08 (see 
ahead). 

ADP 1 Configure - PLL Spin Period Magnitude (MKlts), 


MSfls values of AMI ADS (mensureil spin 
scrlod) are commanded here for potential 
■simulated suit use. 

AS! MS/ 
(Word 0) 

Corresponds to thBt value commanded. 

ATQffT 

ADP 1 Configure - PLL Spin Period Magnitude - (LSlls) 


1 .Sits value of AMI ADS (measured spin 
period) are commanded here for potential 
simulated SHIl use. 

ASIMS7 
(Word 10) 

Corresponds tu that value commanded. 
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TABLE 4* 3. 2. 2-1 

REPRESENTATIVE VALUES FOR ATTITUDE DETERMINATION ERROR CONTRIBUTIONS 

(EXCLUDES TRAJECTORY ERRORS) 


Bias Error Source 

Via <l> - 0 

Measurement: 

Via 0 to 0* or 02* Measurement: 

Midrange 

(Deg) 

Extended 
Range (Deg) 

Midrange 

(Deg) 

Extended 
Range (Deg) 

Sensor Alignment Uncertainty 


0.027 

0.061 

0.071 

S/C Structural Deformation 


0.268 

0.171 

0.400 

Calibration Uncertainty 


0.255 

0.085 

0. 135 

Leading Edge Uncertainty 

0.1 

0.1 

0.244 

0.331 

(Note 1) 





Threshold Detection Error 

0.052 

0.052 

0.037 

0.037 

Spacecraft Wobble (0. 2°) 

0. 140 

0. 535 

0.176 

0.754 

1RSS 

0. 225 

0.661 

0.363 

0. 929 

Random Errors 





Jitter (All Sources) 

0. 148 

0.148 

0.376 

0.387 

Nutation (0.1°) 

0. 070 

0.268 

0.088 

0.377 

iRSS 

0.164 

0.306 

0.387 

0.540 

Total Error (Bias + Random) 

EB 

0.967 

0.750 

1.469 


NOTES: 

(1) Assumes compensation for sun size variation per Figure 3.3. 2. 1-5. 

(2) Worst Case Values are assumed for all components determined for the following 
separate conditions (any system condition would produce less values, since some 
of the separate conditions cannot occur simultaneously): 

e Sun Is at edge of FOV of each sensor. 

• 5 RPM for jitter determination. 

• 60 RPM for fixed time errors (l.e. , biases plus random errors). 

• Maximum wobble and nutation angle as specified In PC-410. 
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TABLE 4.3.2.S-1 

BASIC SCHEMES FOR ATTITUDE DETERMINATION 


Scheme 

Data Types 

Sensors 

Required 

Minimum No. 
of Visible 
Stars Required 

Minimum No. 
of Measure- 
ments Required 

1 

Dual Slit: Sun 
angle + Star 
angle 

* 2 *® 

Sun, < 1 >* slit, 
* 2 * silt. 

1 

2 

2 

Single Slit: SUn 
Angle + Sun to 
Star Roll Angle 
with <me Star 
Sensor Slit 

or 

Sun, Slit 

or 1 1 > 2 * Slit 

1 

2 

3 

Mapping: Two 
Spin Angles 
Between Three 
Targets 

J) or 
OR 

Sun Sensor, 
one star 
slit. 

OR 

2 

2 



or 

V<*> V < J) 

One Star 
Sensor Slit 

3 




OR 

OR 






Two Star 
Sensor Slits 
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TABLE 4. 3. 2. 3-2 

RELATIVE MERITS OF ATTITUDE DETERMINATION SCHEMES 


Scheme 

Advantages 

Disadvantages 

1 Dual Slit 

• Uses Sun Angle. 

• Requires one star. 

• Good Accuracy for 
Star /Sun relative 
longitude >30°. 

• Susceptible to Bias Errors at 
low sun angles (w. r.t. +Z axis) 

• Uses Star as roll reference. 

• Requires both Star Sensor Slits 

• Poor Accuracy for Star Opposite 
Sun. 

2 Single Silt 

• Uses Sun Angle. 

• Uses sun as roll 
reference. 

• Requires one star. 

• Requires one star 
sensor slit. 

• Good accuracy for 
star opposite sun. 

• Susceptible to bias errors at low 
sun angle (w. r. t. +Z axis). 

• Poor accuracy for star/ sun 
relative longitude 60° to 129°. 

3 Mapping 

• Can use sun as roll 
reference. 

• Can use one star 
sensor slit. 

• Three targets relax 
accuracy dependence 
on relative longitude 
between targets. 

• Rtmdres at least two stars. 

• Requires gating on at least two 
stars. 

• Two or more stars must satisfy 
interference criteria. 
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TABLE 4.3. 2. 3-8 

BASIC SCHEMES FOR ATTITUDE ESTIM.V'v •' 


Scheme 

Data Types 

Sensors 

Required 

Min. No. 
of Visible 
Stars Req'd. 

Min. No. 
of Meas. 
Req’d. 

Biases Estimate 4 

1 Sun Angle + 
sun-to-star 
angles with 
star sensor 
silts. 

•W 2 . >W^(i). 

h 2 *» 

am, ip* 
slit, 

* 2 * slit. 

3 

7 

• Relative azimuth of </>/</<*, 

'P/<P 2 *. 

• Relative cant of <P/<P*, 

'p/i 2 *. 

s Relative azimuth of ♦/♦ 
or relative cant of <P/j^. 

2 Sun angle + 
sun-to-star 
roll angles 
witt one 
star sensor 
slit. 

<w 2 , W*(1) 

0- >H 2 *(1) 

Sun, <P* or 
^ 2 * slit. 

4 

5 

• Relative azimuth of <P/<P* 

or <P/ip n * 

*• 

• Relative cant of <P/<P* or 

<P/ip..*. 

• Relative azimuth of 'P/'Pz 
or relative cant of 

3 Star-to-star 
roll angles 
with two 
star sensor 
slits. 

1 = j AND/OR 

1*J 

<J»* slit, 

V sllt * 

4 

4 

• Relative azimuth of 

'P*/\*. 

• Relative cant of 'P*/ ip^*. 

4 Star-to-star 
roll angles 
with one 
star sensor 
slit. 

**(»>**<j> 

or 

^ 2 *(i) ip 2 *(S) 

ip* or ip 2 * 
slit. 

4 

3 

• Cant of ip* or <P^* with 
respect to spin plane. 

I_ 
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TABLE 4.3.2. 3-4 

RELATIVE MERITS OF ATTITUDE ESTIMATION SCHEMES 


Scheme 

Advantages 

Disadvantages 

1 Sac angle + San to 
Star rail angles with 
boft silts. 

• Uses son as roil reference. 

• Requires least nrmbtr of 
Stars (3). 

a Biases eettmated from any 
otter scheme can be derived. 

• Done periodically; then one 
star/any silt useful. 

• Requires most measure- 
ments (7). 

2 son angle + Son to 
Star roll angles wta 
one silt. 

• Uses son as roll reference. 

• Requires one silt. 

• Dane periodically; then one 
star/one slit usefid. 

• Requires 4 stars. 

• Requires 5 measurements. 

• Requires use of particular 
slit whose biases have 
beenesti* iated. 

3 Star to Star roll 
angle t wta two 
sifts. 

• Independent of Son. 

* Can Infer one sun censor 
bias; however, this 
requires 5 measurements. 

• Uses star as roll refer- 
ence. 

• Requires 4 Stars. 

• Minimum of 2 stars are 
required for determinis- 
tic solution subsequently. 

4 Star to Star roll 
angles wia one slit. 

• Independent of Son. 

• Minimum number of 
measurements (3). 

• One son sensor bias can be 

inferred from data 

Requires 4 mease. entente. 

• l ses star as roll refer- 
ence. 

• Requires 4 stars. 

• Minimum of 3 stars are 
required for determinis- 
tic solution subsequently. 
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TABLE 4.3. 2. 3-5 


EXPECTED ATTITUDE ESTIMATION ACCIT?ACY FOR SOME MISSION EVENTS 


Event 
Start Time 

Event 

Action 

Rtmtiki 

~Ti 

(Sts 

timet 
re/« 1 

Ion Accuracy 
its Available) 

4 n 

471 

271^ 

J/T 

l.*5 Mr 

1~1 Hr after Ini- 
tial ground station 
acquisition) 

L Launch Time. 

Cruise. 

1) First "qulok-look" att.det. 
w.r.t. sun l.o.a. 

2) Bias estimation using avail- 
able stars. 

s Average sun look angle nomin- 
ally * 90° near south eolip.m 
normal attitude. 



0. 06 to 
0.26 

0.06 

to 

0.34 

E-28 Dayo 

E - Venus Encoun- 
ter. 

Post Reor Into 
Ecliptic Plane. 

1) "Quick Look" Att.Det. w.r.t. 
sun l.o. s. 

2) Bias estimation using avail- 
able atara. 

e Sun angle --51° 
e Initial look at biases of upper 
sun sensor. 



0.01 to 
0.5 

0.01 

to 

0.8 

E-24 Days 

iJtrge Probe 
Separation. 

1) Reorient spin axis. 
i) Qulok-look at sun angle. 

3) Map available stars for att. 
det. 

4) Touohup Reur, 

5) Separation. 

e Sun angle *34°. 

e Useful to obtain data after Large 

Probe release for estimation of 
biases with new wobble. 



0.06 to 
0.38 

0.01 

E-23 Days 

Small Probe Target- 
ing. 

1) Reorient spin axis. 

2) Quick-look at aun angle. 

3) Map available stors for att, 
det. 

4) Touohup rsor. 

5) Spin up to 48.5 rpm + Rad Jet 
maneuver. 

e Sun angle *46°. 
e Continue data takir* Cor btaa 
estimation. 



0.06 to 
0.4ft 

0.02 

to 

0.28 

E-20 Days 

Small Probe Separa- 
tion. 

1) Reorient Spin Axis. 

2) Qulok-look at sun angle. 

3) Map available stars for att. 
det. 

4) Second P*rt of Prscsaotrn. 

5) Attitude Determination. 

6) Separation. 

e Sun angle -17°. 
a Previous calibrations would 
permit uee of 2/1 or 1 / 2 to 
define attitude to •'1°. 
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TABLE 4. 3. 2. 4-1 

MEASUREMENTS OF S/C ATTITUDE TELEMETERED DATA TYPES 


(NOTE: Ail sequences assume that the SRR has already 
been established per Section 4. 3. 3) 


Measure: To : 

From (established 
SRR) : 

PSI 

PSI2 

F '* 

PS12* 

PSI 

. Produces spin 
period 
e Part of 
sequence In 
Table 
4.3. 2. 4-2 

e Perform 
sequence in 
Table 
4.3. 2. 4-2 

• Perform 
sequence In 
Table 
4.3.2. 4-3 

• Perform 
sequence In 
Table 
4.3. 2. 4-4 

PSI* 

Not possible for 
S/C design 

s Perform 
sequence in 
Table 
4.3. 2. 4-2 

e For the same 
star, produces 
spin period 
e For different 
stars, per- 
form sequence 
in Table 
4.3.2. 4-5 

a Perform the 
sequence Is 
Table 4.3. 2.4^ 

PSI2* 

Not possible for 
S/C design 

e Perform 
sequence Is 
Table 
4.3.2.4-L 

e Perform the 
sequence In 
Table 
4. 3. 2. 4-6 

a For the same 
star, produces 
spin period 
e For different 
stars, perform 
sequence In 
Table 
4. 3. 2. 4-5 
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TABLE 4. 3.2.4 -2 

MEASUREMENT Ot SUN ASPECT (ELEVATION) ANGLE (* OR * 2 e OR <h* * 2 ) 

_ REMARKS t VERIFICATION 

TV l FMF'TIfY 

COMMA NI) OR ACTION MNEMONIC REMARKS & TM Di 


REMARKS & TM DATA 


Civ™ Dip Inltlnl spacecraft configuration ahown In die fl rat 
column of Table 4, 3. 1.4, 3-1, use the existing SRR, which Is 
assumed to bo either the aun or n known afar. 


0 H 9 s 


ATQflV 
(For A DPI 
Only) 
(MEAI 
SRH, 
MEA2 
S2S) 


e If not already ao, configure ADP measurement* to obtain data 
for calculation of sun elevation onglet 

A DPI Configure - Meaaurement Select 
«TRR to SRR| and (SRR to P8I2)). 


AM’Alt . Meaaurement A Address! 
(SRR to SRR) 


AM2AD8 I Meaaurement B Address ■ 


ATTMI2 

2 £ 

ATTM2Z 

ATTM88 


(SRR to PSI2) 

Measurement Datai 

Redeota above data aooordtng tot 

Data Meaaurement - 1 (A) or ■* 0 (B), 
alternating ao more often then onoe per 
aptn period, an explained In Section 
3* 3, 2* 3, 6 and 3, 3, 3, 0, . 
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TABLE 4. 3. 2. •'*■-2. (Contlrufd) 


Command 

Mnemonic 

Command or Aotlon 

Remarks It Verification 

Telemetry 

Mnemonic 

Remarks (i TM Data 

© 

• Acoumulate at least 30 valid aamplea of each measurement. 
Accept as a valid aample: 

(1) Only the first ATTM1Z or ATTM2Z aample following a 
ohaiige in ATTM8S. 

(2) Only aamplea aooompanlod by the Indicated lolemotry at 
the right: 



AI.OCKS 

Pl.L Loss of Lock * 1 (no loss of look) 

AMIRHC 

Missed SRR Count - No change from last 
sample of thla parameter. 

ALOLES 

PLL Loss of Look - 1 (Enabled 

Not 

require* 
but * 

pre- 
ferred 

A8UNG8 

Sun date * 1 (Enabled) If the 
Run la the SRR. 

© 

a Determine the mean of each set of 30 aamplea - Reject aamplea 
outside of 3o deviation from the mean and recalculate the mean 
of the remaining samples. 



© 

e Calculate "spin angle" for 8RR to (hint 

AZEL_,., ■ (Mean of (SRR to i fi ) samples) -f (Mean of (Stilt 
to 8RR) samples) - BIA8 f , where WAS^ - value 

obtained from Table In "Remarks" column. 


RRR» 

Corresponding value from Tables 
3.3.2.2.A-1 ti 3, 3, 2, 2. 8-2 for 

b,as elsun 

PSt 

Zero. 

PSI* 

-(l)-(2)-(3)4(A)+(R)4(D. 

P8I2« 
u ■■ - — 

-(1)-(2|-(3)4(A)4(C). 



99-e*% 



COMMAND 
MNEMONIC 
OH STEP # 


TAIII.E 4.3.2. 4-3 

MKASPRKMKNT OF SI'N TO HTAK PSINO TIIE PSI* SI. IT ( 


COMMAND OH ACTION 


Rccnuse n spin angle measurement lining the I*S| • nl It In dependent 
on the elevation of n atii r , ns .seen In Figures a. .'1,2. 2-3 A nnd 
3.3.2. 2-3H, determination of the roll (azimuth) angle to a star 
requires use of the PSI2* rift ns well us the I ’SI* silt. Once spin 
nngle measurements to the star using both silts are made, the roll 
(azimuth'- nnd aspect (elevation) angles to the star may be deter- 
mined concurrently. The following sequence details the first 
bns'c step In thin procedure nnd references the reader to the final 
basic step. 

o (liven the Initial spacecraft configuration shown <n the firs! 
column of Table 4.3. 1. 4.3-1, use the existing Slllt, which Is 
assumed to he the sun. 

Configure the PSI* nnd l>SI2* channels for the measurement atari 


j REMARKS & VERIFICATION 

TEI.hMETRY 

MNEMONIC 

REMARKS & TM DATA 


STHQl Pit 
ST HQ A 


Star Scnnor Threshold nnd Handpass Select. (Holh channels set to AMTIIS 

threshold set.lng nnd bamlpass compatible with the nr, inurement — 

star. A *2TIIS 

A *1 HI'S 

A*2lll*S 


{Assign T’SI* thnnnri to Star (late Hi 


ATQtf.3 (For 
A DPI Only) 
(SC,H * 1 ) j 


AI)P 1 ConP.gure - ADP Modi' Select (Star Cate It - Channel I A’C.RSS 
ll’SIMi All otlier ADP Mode States unchanged). 


1*81 ♦ Threshold Setting 
l»SI2* Th reahold Setting 
PSI* Hnndpass State 
PSI2* Handpnss State 


All Conform 
to 

Commanded 

State 


: Star Onto It r I <* Channel 1 • PSI*) 


2 J? © 
• e # 


l ocate Star Cate F. over the measnremetit Stan 
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TAJU.F. 4. 1./. 1-3 (Continued) 


W 
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Command 

Mnemonic 

Command or Action 

Remarks L Verification 1 

Telemetry 

Mnemonic 

Remarks & TM Data 

ATQOG (For 
Am>l Only) 
(ACSANG ■ 
XXX. XX) 

A DPI Configure - ACS Angle Delay Magnitude 
(Calculate O'- I^ASpjjjpjjj* - 0.352° -5.025° (to 
locate star In the center of Star Onto ID where SI>I , S|!NSTAI< < * estima- 
ted azimuthal separation angle measured In plane normal to spin axis 
from the sun l.o.s, to the stnr l.o. s. (mnamired In the direction of 
s/c spin); nnd niASj >S | PSl 4 * Vnluc doflvwMl In Remark a column. 

1( 0 in pofliliv«i Iht’n the commanded 
magnitude 0. If 0 in i fg.it »ve, llicn the < ornm.inded m.tgni- 

tude .160° f 0 . 

AACSAI) 

ACS Anglo Delay Magnitude (same 
magnitude as thnt commanded) 


• DlnSp M .j,u|» (values ohtftlncd fiom 
Tables 3. 3. 2. 2. 0-1 *3.3. 2. 2.0 2: 
- (1)-(2)-(3)+(A)-t(B) (C). 


• Actual delay Is 0.352° Inrprr Ihsn 
the commanded value. 

© 

Configure ATTM for stnr dntn: 



ATCjf 1 (For 
ADP1 Only) 
|MEA1 - 
SRH, 
MEAi 
GSR) 

ADI’ 1 Configure - Measurement Select 
(SRH to SRIt) and (SRH to Gatod Star ID. 

AMtADS 

Measurement A Address: 
(811 1; to 8RR) 

AM2AJ8 

Measurement B Address: 
(SRIt to Star Gate B) 

ATT Ml'/ 
OR 

/.fTW27. 

Measurement Data - Reflects above 
data according to: 

ATT MRS 

Data Measurement - 1(A) or ~ 0(R1, 
alternating no more often than once 
per spin period ae explained In 
Sections 3. 3. 2. 3, 0 and 3.3 3.5. 
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I ARL.K “1.3.2. 1-3 (Continued) 


Onnirrot 1 


Command or Action 


Mnemonic 



Accumulate at least 30 valid samples of each measurement. 
Accept as a valid sample: 


1) Only the first ATTM17 or '27 sample following a 
change Ip ATTMSS. 

2) Only samples accompanied by the Indicated telometry 
at the right: 


0 


Determine the mean of each set of 30 samples - reject samples out- 
Btde of 3<r deviation from tho mean; then recalculate the mean of 
the remaining samples. 


® 


Calculate Spin Angle: 


A7El j , TA)l = ((Mean of (SRH to Gated Star B) Samples) -r 

(Mean of (Sltll to SHU) Samples)) + BIASpgipgj* 


'I he resulting value Is dependent on the elevation of the star as 
/ell as Its azimuthal separation (pure "rolf'angle) from the sun. 
To determine these values, proceed to Table 4,3. 2. 4-4. 



Remarks & Verification 1 

luuBBHtjl 

Remarks & TM Data 




A LOCKS 

PLL Loss of Lock * l(No loss of lock) 

AM1SSC 

Missed SUR Count - No change from last 
sample of this parameter. 

ALOLF-S 

Pl.L Loss of Lock - I (Enabled) 

not 

necessary 
but pro- ■ 
ferred 

ASUNOS 

Sun Gate ■ 1 (Enabled) 

ASR11MS 

Sun/Star Select - 1 (Sun) 






o BIASpap,,,, WAS DEFINED IN Step0 


0 

4 


S’ 
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TABLE 4.3, 2. 4-4 (Continued) 


COMMAND 
MNEMONIC 
OR STEP # 

COMMAND OR ACTION 

REMARKS & VERIFICATION 1 

TELEMETRY 

MNEMONIC 

REMARKS <t TM DATA 



Configure ATTM for Star Data! 



ATQfll (for 
A DPI Only) 
(MEA1 
SUH, 
MEA2 * 
SOB) 

A l)P 1 Configure - Measurement Select (SRll to SRR) and (SRR to 
Gated Star B), 

AMI ADS 

Measurement A Address i (SRR to SRR) 

AM2ADS 

Measurement B Addresst (SRR to Star Gate 
B). 

ATTM 17 or 
ATTM2Z 

Measurement Data - Reflects above data 
according toi 

ATTMSS 

Data Measurement - 1(A) or * 0(B), alter- 
nating no more often than once per spin 
period as explained In Sections 3. 3. 2. 3.6 and 
3, 3, 3, 6, 

© 

• Accumulate at least 30 valid samples of each measurement. 
Accept as a valid sample! 

1. >nly the flrat ATTM1Z or ATTM2Z sample following 
cuange In ATTMSS. 

2. Only samples accompanied by the Indicated telemetry 
at the right) 

ALOCKS 

PLI. Loss of Look - 1 (No loss of lock). 

AMISSC 

MlBsed SRR Count - No change from l.iBt 
sample of this parameter. 

AI.OLE3 

PLI, loss of lock » l 

(Enabled) 

Not 

Necessary 

But 

Preferred, 

ASIINGS 

Sun Gate « 1 (Enabled) 

ASRRMS 

Sun/StBr Select « 1 (Sun) 

© 

Determine the mean of eaoh set of 30 samples - reject samples 
outside of 3 V deviation from the meanj then recalculate the 
mean of the remaining samples. 



© 

Calculated biased "spin angle" for sun-to-star; AZELPSI2* « 

) Mean of (SRR to Gated Star B Samples)-f (Mean of SRlt to SRR) 
Samples) | . 
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,3.2. 1-4 (Continued) 


COMMAND 
MNEMONIC 
OR STEP # 


COMMAND OR ACTION 


The resulting A/Kl-l’Sli* Includes an azimuth (roll) 
component a ml an elevation (aspect) component for the meas- 
urement star, as well as the biases between tile PSI silt anil 
the PSI2* silt. 

The actual aspect (elevation) angle of the measurement star, 
measured w. r.t. the S/C spin axis, may be determined ap 
follows: 

(a) Determine the spin angle delay using the PSI* silt by 
performing Steps^T) through of the sequence In 
Table 4. 3. 2. 4-3 (Hnot already performed). 

(b) F rom the mean values determined In Step (jj of Table 
4.3. 2. 4-3, calculate: 

AZRl.PSI* = | Mean of (SRR to Gated Star B) 

Samples | -f | Mean of (SRR to SRR) 
Samples J , 


Calculate El.. 


A7.Ei.PSI2* - AZEI.PSI* 


STAR • 

Pse Figure 3. 3. 2. 2-4A or Figure 3, 3, 2. 2-4B where 
^ I* STAR ? I>SI * 10 s l’* n an ^ e delay In degree, 

to obtain elevation angle of the star w. r, t. the S/C 
spin axis. 


REMARKS & VERIFICATION 

ImASf 1 BEM * nKS * ™ DATA 


The actual roll (azimuth) angle of the measurement star, measured 
w. r.t. the sun In the spacecraft spin plane and In the direction of 
positive spacecraft spin, may be determined as follows: 

The roll (azimuth angle) » A7PSI2* - A7EI.PSI2* + A 7, BIAS + 
E!,_,„ where AZRIAS = value obtained from Remarks colum 


A7.B1AS (values obtained from Tables 
3.3.2, 2. 6-t 6 3.3.2.2.6-20 -(l)-{2)-(3)+(C). 


Section Mo 
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TABLE 4. 3. 2. 4-5 

MEASUREMENT Or STAR "SPIN" ANGLE USING THE SRR 


COMMAND OR ACTION 

( Becaueo a spin angle measurement using the PSI* silt Is dependent 
on elevation of a star, as seen In Figures 3. 3. 2, 2 -jA and 
3.3,2.2-315, determination of the roll (azimuth) angle to a star 
requires use of the PSI2* silt as well as the PSI* silt. Once spin 
angle measurements to the star using both slits are rnadf , the roll 
(azimuth) and aspect (elevation w. r. t. the SRR star) angles to the 
measurement star may be determined concurrently. The follow- 
ing sequence details the first basic step In this procedure, and 
references the reader to the final basic step, 

• Given the Initial spacecraft configuration shown In the first 
co'umn of Table 4.3. 1.4, 3-1, use the existing SRR, which Is 
assumed to be a known star (call It the "SRR" Star). 

• This sequence Is to be used only for either one of the following 
two cases: 

(1) PSI* Is the SRR channel, and PSI* will also be used for 
Star Gate 15, 

(2) PSI2* Is the SRR channel, and PSI2* will also be used 
for Star Gate B. 

• It Is undesirable to change the threshold setting and bandpass 
setting (or the star channel that Is being used as the SRR 
channel. This Is to prevent loss of the present SRR and sub- 
sequent loss of DCE control. 

• If not already so, assign the Star channel being used ns the 
SRR channel (l.e. , Star Gate A) also to Star Gate B: 


4TQ03 (for A DP 1 Configure - ADP Mode Select (Star Gate A - Retain present 
ADP1 Only) channel selection. Star Gate B - Make the same as for Star Gate A- 
(i for PSI*; 2 for PSI2*), 
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TABLE 4. 3. 2. 4-5 (Continued) 

COMMAND " 

MNEMONIC COMMAND OH ACTION 

Pit STEP » 

0 • Accumulate at least 30 vnlld samples of each measurement. 

Accept as a vnlld sample) 

(1) Only the first ATTM17. or ATTM27. sample following a 
change In ATTMS8. 

(2) Only samples accompanied by the Indicated telemetry 
at the right. 


Determine the mean of each set of 30 samples - reject samples 
s ~ outside of 3<r deviation from the mean) then recalculate the mean 

of the remaining samples. 

(J) • Calculate "spin angle" from the Situ star to the measurement 

start AZEI.SAME » (Mean of (SHU to measurement star) 
samples -f (Mean of (SIlR to SRtl) samples). 

MM • The resulting value Is dependent on the elevation of the 

' measurement star, Its ar.lmuthal separation (pure "roll" 

angle) from the Sltlt star, and the (known) elevation angle of 
the SRR star. 

To determine theae values, prooeed to Table 4. 3, 2. 4-fl. If 
the PSP silt was used for the SRR In this sequence, then 
perform the PSP to l‘SI2* measurement In Table 4. 3. H. 4-fl. 
Otherwise, perform the P8I3* to PSP measurement In 
Table 4. 3. 2. 4-fl. 


REMARKS « VERIFICATION 

TELEMETRY 

MNEMONIC 

REMARKS & TM DATA 

A LOCKS 

PLL 1 css of look ■ 1 (No toss of lock) 

AMISSC 

Missed SRR Count ■ No change from Inst 
sample of this parameter. 

Al/M.ES 

I’Ll. loss ot 'ock “ t 

(Enabled) 

1 Not 

Neoesaary 
I but 

| Pi. .Ye. . ed. 

ASItHMS 

Sun/Star ,■ 0 (filar) 
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TABLE 4. 8.2. 4- A 

MEASUREMENT OF STAR ASPECT (ELEVATION) ANGLE (^>* ^ a * AND <l>- 4>*) OR <0 2 *^i* AND * 2 » * 2 ‘) 
~~~ I REMARKS & VERIFICATH 


COMMAND 
MNEMONIC 
OR STEP # 

COMMAND OR ACTION 

© 

a Given the Initial epaoeerafl configuration ahown In tha flrat 
column of Table 4.3. 1.4. 3-1, uae tha existing SRR, which la 
aaaumed to be a known atar (oall It the "SRR” atar), 

a Thla aequenoe In to be uaad only for either one of the follow- 
ing two oaaaai 

(1) PSI* la tha SRR ohannel, and PSJ2* will be uaad for 
8tar Gate B. 

(3) P812* la tha SRR ohannel, and P81* will be uaad for 

Star Oata B, 

© 

a If not already ■o, oonflgurethe atar ohannel that la not being 
oaad an the SRR atar channel, for tha atar to be measured 
(oall It tha "maaauramant" atar)t 

8TRQ1 OR 
STRQA 

Star Senaor Thraahold and Bandpaaa Select. (Threshold and 
Bandpaaa aeleotlona ara retained on the atar ohannel (PSI* or 
PSI2*) that la being uaad aa tha SRR channel i tha alternate chan- 
nels aettlnga are changed to conform to the maaauramant star's 
requirements. ) 

® 

a Select Star Gate B for the measurement star's channel, but 
ratals Star Oats A aalaotlon for tha snR Stan 

ATQdS (for 
ADP1 Only) 

ADP 1 Configure - ADP Mode Select <8tar Gate A - Retain pre- 
sent ohannel aelepttan. Star Gate B - Channel 1 (If PSI* was 
adapted In 8tep (T) ) or Channel 2 (If PSI2* was aeleoted In Step 


REMAf 

TELEMETRY 
MNEMONIC 


VERIFICATION 

REMARKS t TM DATA 


For tho star ohannel that to tha present 
SRR o hom>el , It la undeslrsbla to change 
tha thraahold aalaotlon and tha bandpass 
aalaotlon. Thla la lo prevent toaa of tha 
preeent SRR atar and subsequent toaa of 
DCS control. 


All 

Conform 

to 

Commanded 

State 


AMTII8 

PSI* Threshold Setting 

A*2TH8 

PSI2* Threshold Setting 

A*1BPS 

rSI* Bandpass State 

A*2BPS 

P*li2* nandptii j State 



A ‘GASS 

Star Gate A - No ohanga In TM Reading. 

A*OB8B 

Star data B * 1 (PR1* ) or - 0 (PSJ2*), aa 
oommandad. 
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TABLE 4. 3. 2, 4-6 (Continued) 


COMMAND 
MNEMONIC 
OH STEP* 


COMMAND OR ACTION 





Locate Star Gate B over the meaaurement atari 


ATO06 (for 
A DPI Only) 
(ACSANO - 
XXX, XX) 


ADP 1 Configure - ACS Anglo Delay Magnitude, (Caloulato 
• ■ SEP fjTAII8 ' B,AS 8TAn« " 0,382 ° ‘ (K> looat* meaa- 

uroment alar In the oenter of Star Onto B), where SEP—.,,., ” 

BT Ann 


Eetlmated Azimuthal eeparatton angle meaaured In plane normal 
to epln axla from the SRR Star 1, o. a, to the moaaurement atar 
l.o. a, (meaaured In the direction of S/C npln)t and BIA8„. ■ 
value obtained from Table In "Retnarka" oolui.m), “ A 


e If 9 la poeltlve, then the oommanded magnitude ■ 0 , 


e If 9 la negative, then the oommanded magnitude - 380° + 9 , 




i VERIFICATION 
REMARKS ft TM DATA 


TELEMETRY 

MNEMONIC 




AACSAD 


ACS Angle Delay Magnitude ■ (eame magni- 
tude aa that oommanded). 


8E P - Zero If the SRR Star and the 

meaJuftnfent atar art the tame. 


a Actual delay la 0. 883° larger than the 
oommanded value. 


SRR 


PSt* 


P8I8* 


Correepondtng value tor BlAi 


%TARtf 


BlAJL- . • 6, where 8 la the PSl* 

to PSti^apin angle delay In degrwea, 
from Figure -.8.2. 2-4 A or -4B, 
that oorreaponda to the predicted 
relative elevation angle of the mean- 
urement atar w. r. L too 8RR atar. 
NOTE* Uae of toeee flgurea for btaal 
eatlmatlon la not exact when a tare oq 
different elevattona are Involved, aa 
the delay la dependent on SRR atar 
elevation In av -h a olroumetanoe. 
However, they are oufflotently 
accurate for uae In )XMltlonlng Oate 
B. 




■ -8 , where 8 la 
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TABLE i. 3. 2. 4-6 (Continued) 


COMMAND 
MNEMONIC 
on STEP # 

COMMAND OR ACTION 

REMARKS ti VERIFICATION 1 

TELEMETRY 

MNEMONIC 

REMARKS b TM DATA 

© 

Configure ATTM for Star Ontni 



ATQtfl (for 
ADP1 Only) 

ADP 1 Configure - Measurement Select. (SHU to 8RR) awl (HHR 
to anted Star B). 

AMI ADS 

Measurement A Addreaat (8RR to 8RK) 

AM2ADS 

Measurement B Addreaat (SRR to Star Oats 
M 

ATTM1Z OR 
ATTM2Z 

Measurement Data - Reflects above data 
according toi 

ATTMSS 

Data Measurement ■ 1(A) oi • 0(B), alterna- 
ting no more often than once per spin period 
aa explained In Seetlons 3. 3, 2, 9, 0 A 3. 3, 3.8. 

© 

• Accumulate at leaat 30 valid aamplea of each measurement, 
Aooept aa a valid tempter 

(1) Only the flrat ATTM 1 7 or ATTM2Z sample following 
a ohanga In ATTMSS, 

(2) Only aamplea accompanied by the Indicated telemetry 
at the rlghtt 

A LOCKS 

PM loss of Look e I (No loss of look) 

AMIS8C 

Missed SRR Count ■ No ohanga from last 
aample of this parameter. 

AI-OLES 

PLI. Lose of Look - 1 (Enabled) | H| ^„ rv 

ASRRMH 

fWStar Select ■ 0 (Star) I 

© 

Determine the mean of eaoh aet of 30 aamplea - reject aamplea 
ou tilde of So- deviation from the meant then recalculate the mean 
of the aamplea. 



© 

a Calculate blaaed "Spin Angle" from HHR Star to the meaeure- 
ment atari 

AZELDIFF * ((Mean of (HHH to meanurement atar) 
aamplea) (Mean of (MltH to Sltn) 
anmptea) ] . 
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TABLE 4. 3. 2. 4-6 (Continued) 


COMMAND 
MNEMONIC 
OR STEP * 



COMMAND OR ACTION 


'I 


I 


The actual aspect (elevation) angle of the meaaurement a tar, 
tneaaured w, r, t. the S/C apln axla, may be determined aa 


foil owe i 


(a) Retain the atar allt In uae aa the SRR allt, but meaaure 

apln angle delay to the meaaurement atar when that aamc 
atar allt la alao aaatgned to OateB (l.e, , or 

^2* ^ 2 *)* by Performing Stepe^ through (T) of the 
sequence In Table 4.3. 2,4-6 (If not already performed), 

(b) Calculate EL 8TAR - (A) [(AZEL8AME) - (AZELDIFF)]. 

e If the SRR allt waa the P81* allt, then A - +1. 

e If the SRR allt waa the PS12* allt, then A - -1. 



(c) Uae Figure 3, 3. 2, 2-4A or Figure 3. 3, 2, 2-4B, where 
EL STAR H PS I* PSI2* apln angle delay In degrees, 

to ootaln the elevation angle of the meaaurement atar 
w. r. t. the apaoeoraft apln axla. 


The aotual roll (azimuth) angle of the measurement star, meas- 
ured w. r. t. the SRR star In the apaoeoraft apln plane and In the 
direction of positive apaoeoraft apln, may be determined aa followa 


(a) Uae the known elevation angle of the SRR atar to find, 
from (Figure 3.3,2, 2-3A or -3B, If the P8I* allt was 
used aa the 8RR silt) or (Figure 3,3,2, 2-3C or -SD, If 
the P812* allt was used as the 8RR allt), the correspond- 
ing position pulse delay angle, Deolare this value 9 
AZSRR, 


(b) Calculate) 


Roll (Azimuth) Angle of the Meaaurement Star ■ 


AZ 

el; 


STAR 


| AZELDIFF 4 AZBUR 4 AZBIA8 4 


STAR • 
where AZBIAS 
oolumn. 


value obtained from Remarks 


RIFICATIOl 


REMARKS t Vt 


rELEMETRY 

MNEMONIC 

REMARKS & TM DATA 





SRR 

Corresponding value for AZBIAS 
(from Table 3.3, 2. 2.8-20 

PSI* 

-(B) 

P8I2* 

(B) 


* 

4 





100 



Section Bo. ft»3.S«3 

Doc. Bo- 

Ocig. issue Date 5/22/78 
Be* is ion lo- 


Bee is ion 


TABLE 4.S.S-1 

ESTABLISHMENT OR TRANSFER OF SELECTED ROLL REFERENCE (SRR) 

NOTE ; Table 4. 3. 3-8 exists In the Orbtter Volume (PC-402), bat not in the Multiprobe Volume. 
B$r keeping Oils table number blank, subsequent table numbers conform in function 
between the two volumes. 


To ^ 
SRR 

From 
SRR I 

PSI 

PSI* 

PSI2* 

Simulated SRR 

Nothing (No 
SRR estab- 
lished, or 
Loss of 
SRR) 

Sun Acquisition: 

Star Acquisition 

Star Acquisition 

Refer to Table 
4. 3.3-5. 

Perform the 
sequence in Table 
4. 3. 3-3. 

(PSI*): 

Perform the 
sequence in Table 
4. 3. 3-4, select- 
ing PSI* where 
pertinent. 

(PSI2*): 

Perform the 
sequence in Table 
4. 3. 3-4, select- 
ing PSI2* where 
pertinent. 

PSI 

Transfer to a 

Direct Transfer 

General: 

Perform the 
s equence in Table 
4. 3. 3-9. 

Different Sensor 
Input; 

Perform the 
sequence in Table 
4. 3. 3-6. 

From Sun to Star: 

Perform the 
sequence in Table 
4. 3. 3-7, select- 
ing PSI* where 
pertinent. 

Perform the 
sequence tn Table 
4. 3. 3-7, select- 
ing PSI2* where 
pertinent. 

PSl* 

Perform the 
sequence in Table 
4.3.3-10. 

Transfer to a 
Different Star: 

Perform the 
sequence In Table 
4.3.3-11, select- 
ing PSI* where 
pertinent. 

Perform the 
sequence in Table 
4.3.3-11, select- 
ing PSI2* where 
pertinent. 

Perform the 
sequence in Table 
4. 3. 3-9. 

PSI2* 

Perform the 
sequence In Table 
4.3.3-10. 

Perform the 
sequence in Table 
4.3.3-11, select- 
ing PSI* where 
pertinent. 

- 

Transfer to a 
Different Star: 

Perform the 
sequence tn Table 
4.3.3-11, select- 
ing PSI2* where 
pertinent. 

Perform the 
sequence in Table 
4. 3. 3-9. 

Simulated 

SRR 

Perform the 
sequence in Table 
4.3.3-12. 



Perform the 
sequence In Table 
4.3.3-13, select- 
ing PSI* where 
pertinent. 

Perform the 
sequence In Table 
4.3.3-13, select- 
ing PSI2* where 
pertinent. 
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Revision 


TABLE 4. 3. 3-2 

ASSUMED PERTINENT SPACECRAFT INITIAL CONFIGURATION 
JUST PRIOR TO TRANSFER OF SELECTED ROLL REFERENCE (SRR) 


Equipment 



26 M. 

1 Earth Station^) I in Use: 

1 Communlcatloos S/Sl : 

Same states as listed in first 
column of Table 2.3. 1-L 

Controls S/S : Star Sensor 

t* and » * both ON. 

Channels. 

Sun Sensors 

Mid-range selected. 

Attitude 

Data 

Processor 

ON/OFF State 

ADP 1 ON. 

Measurement Select 

A and B Channels in any configura- 
tion. 

Jet Control 

(T) All Jets Disabled. 

(T) Spin Rate Detector Enabled. 
All other choices: DNA 

ADP Mode Select 

SRR Advance Inhibited. 

@ Sun gate Enabled. 

(3) Normal selected; SRR or simu- 
lated SRR selected, as applica- 
ble. Sun or Star selected, as 
applicable. 

^ Star Gates A and B: Channel 1 
(t*) or Channel 2 (i 2 *) - as 
applicable, is selected. 

^ PLL Loss of Lock, enabled. 

( ^ PLL Spin Range of 3. 0-17. 7 
rpm selected. 


NOTE: ttg 13 aot available as an SRR. 
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Doc. Bo. 
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Revision 


TABLE 4. 3. 3-2 (Continued) 


Equipment 



Q Jet Countdown: All zeros. 

( 2 ) ACS Angie: Delay Magnitude 
DNA. 

(?) Roll Index Delay Magnitude as 
required. 

^T) PLL Spin Period Magnitude - 
same as prevailing spin period. 

JCE Buffer Output Disabled. 

Controls S/S 1 : i Cant'd) 

Attitude 

Data 

Processor 

(Cont'd) 

ADP Configure 
Commands 3 Through 
11. 

Spin Rate 

15 RPM. 
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TABLE 4. 3. 3-3 
SUN ACQUISITION 


COMMAND 
MNEMONIC 
OR STEP » 


COMMAND OR ACTION 


initial conditions arc essentially: Both ADPs OFF, both 
star sensor channels ON, spin rate at 15 rpm, and sun 
O, S. within the fi«ld-of-view of the mid-range sun 


tensor. 


o I e Turn ON ADP #1: 


ADP19 or ADP) ON 
ADPA9 




Configure the ADP: 


^TQWZ (for 
ADP1 Only] 
iRl thru A 6 - 
D; SRD = 

E) 


ADP Configure - Jet Control (Ail jets disabled. 

Spin rate detector enabled. Remainder are "don't cares", but 
are set to: Pulse Fire, Pulse Count, 128 ms. normal fire all 
selected). 
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TABLE 4. 3. 3-3. IContinued) 


COMMAND 
MNEMONIC 
OR STEP # 

COMMAND OR ACTION 

REMARK3 & VERIFICATION i 

iHil' II 

REMARKS & TM DATA 

(^(Cont 

'd) 

AMAGCS 

Pulse/Time Count Select ■ 1 
(Pulse) 

APULLS 

Pulse Width Select 512/12* ms » 0 
(128 ms). 

ASDETS 

Spin Rate Detector Enable /Inhibit = l 
( Enabled), 

AJETMS 
(Word 3, 
Bit 0) 

Normal /Alt ornate Fire Mode = 1 
(Normal), 

AT^3 
(for ADP1 
Only') 

(SR8.FLD; 

SGA 1 ; 

SGB1; 

SSRM; 

REFSUN; 

STNjSUGE 

SRANRM), 

ADP Configure - ADP Mode Select (PEL Spin Range of 8. 0 to 
17. 7 rpm selected; PLL Loss of Lock inhibited; Star Gate A 
and Star Gate B are "don't cares," but Channel 1 is arbitrarily 
selected; Mid-range sun sensoi selected; Sun selected; SRR 
selected; (Star) Normal selected; Sun Gate d'eabled; SRR 
advance inhibited. ) 

1 

A*GASS 

Star Gate A = 1 (PSI*) 

A*GBSS 

Star Gate B = 1 (PSI*) 

ASUNSS 

Sun Sensor Select B 00 (Midrange 
Selected), 

ASRRMS 

Sun/Star Select = 1 (Sun) 

SRR /Simulated SRR Select ■ 1 (SRR) 

A*ACQS 

Star Acquisitioa/Normal = 0 (normal) 

ASPINS 

PLL Spin Range = 10 (8. 0 - 17. 7 rpm) 

ALOLES 

PLL Loss of L ock ® 0 (Inhibited) 

ASUNGS 

Sun Gate = 0 (Disabled) 

ADVANS 

SRR Advance = 0 (Not Advanced) 

ALOCKS 

PLL Loss of Lock = 1 (In-Lock) - This 
is not a true indicator of lock status 
when PLL Loss of Lock has been 
inhibited. 


U> 

I 


5 

t* 

w 

M- 

O 
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TABLE 4.- 3. 3-3. (Continued) 

COMMAND 
MNEMONIC 
OR STEP ' 

COMMAND OR ACTION 

REMARKS & VERIFICATION ! 

TELEMETKi 

MNEMONIC 

REMARKS & TM DATA 

atIPb 

(For A DPI 

a£§M^G 

ADP Configure - Roll Index Delay Magnitude 
(Zero Delay). 

ARIPAD 

Roll Index Delay Magnitude (10 bits) = 
All Zeros. 

AT^l 
(For A DP 1 
Only) 
(MEA1 = 
RIP, 

MEA2 = 
RIP) 

ADP Conligure - Measurement Select (SKR 
to RIP for both measurements A & B). 

AM1ADS 

Measurement A Address = CIO ( SRR 
to RIP). 

AM2ADS 

Measurement B Address = 010 (SRR. 
to RIP). 

ATTM1Z 

or 

ATTM2Z 
(depending 
on TM for- 
mat selec- 
ted). 

Attitude Measurement: During Sun 
Acquisition, this measurement of SRR 
to RIP (actually Sun to Fg) will 
behave like a damped sine wave (see. 
Figure 3. 3. 3, 1-2). Once the PLL is 
in Lock, this measurement provides 
the steady state phase bias between 
the SRR and F s . Average at least 10 
samples of SRR to RIP readings 

and record for Inter use whenever at 
the prevailing spin rate (This bias is 
spin rate dependent.) 

O 

• After the SAR to RIP readings have stabilized, indica- 

ting sun acquisition has occurred (F s pulse is centered 
azimuthally in Gate A), proceed to establish the normal 
operating mode: 



[J5 

H B 

ADP Configure - Measurement Select (SRR to SRR, 
and SRR to PSI2). 

AM1ADS 

Measurement A Address = 000 
(SRR to SRR) 

AM2ADS 

Measurement B Address = 101 
{ SRR to PSI2). 

ATTM1Z 

or 

ATTJ42Z 

Actual spin rate and quick look S/C 
attitude w. r. t, the sun L o. s. can be 
determined with these measurements. 


Section So. 4 .3,5,3 
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TABLE 4* 3. 3-3. (Continued) 


COMMAND 
MNEMONIC 
OR STEP # 

COMMAND OR ACTION 



<3^ 

• Set simulated SRR period to match actual spin period: 


ATQ07 & 
ATQ08, OR 
ATQ78 (For 
A DPI Only) 
SIMSPNPD 

ADP Configure - PLL Spin Period Magnitude 

(Set to actual spin period magnitude as seen via ATTM1Z). 

ASIMSZ 

ATQ03 (For 
ADP1 Only) 
<PL = E, 
SUG = 2). 

ADP Configure - ADP Mode Select (Pl-L Loss of 
Lock Enabled, Sun Gate Enabled). 

ALOLES 

ASUNGS 

0 

• The science reference signal <RIP) would normally be used after 
a precise attitude determination has been made. 



===== = - = = — = 



W 

1 
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I Alil.K 4.3. 3-4 
ST AH ACQlif.SIT ION 
(SI N HI' I K. /.Nl’K NOT A JTAiNABI K) 


COMMAND 
MNEMONIC 
OK SIKH k 


H KM AUKS * VERIFICATION 


COMMAND OH AC'l ION 


0 I Ills rcqurnrc Is the ••amr IIS fni 1'nble 4. 3, 3-3, Sun 
Acquisition, with thf following changes; 


TKI.I.MKTK” 

MNEMONIC 


REMARKS ti TM DATA 


The prefci n il sequence foi t ;i1 >1 1 f»h I ri k a slur ns the SKII is t< 

first select the sun us the SKII mid, n ftcr n star mapping 
sequence, transfer to a ileslred slar as the SHK. 

This sequence assume that due to sA’ attitude oi solar 
eclipse or equipment inalfunellon, that the sun cannot be used 
ns the tntenncdlate Sltlt, Regardless of Itu p ohalillltv of 
occurrence, this sequence Is Included In (lie matt Is of Itoll 
Reference sequences for completeness. 


Perform Steps (T) and KJA) of Table 4.3. 9-3j then configure 
to acquire the brightest a will able star (a slar map cannot be 
made In advance because It requires an established Sltlt. An 
SIMt has not vet been established at tills point In the sequence 
hv definition): 

Configure l*SI * (or rsi2‘) chancel for acquisition of the 
brightest available slar: 


© 


STRQ1 OR 

stroa 

<S2(V 4 OR 3, 
SKI- 4 OHS, 
S2I1W-II, 
sinw-iii. 



Star Sensor 'Itireshold and llandpass Select (PSI* or l’St2*| selcctcil 
Threshold setting I or 3 generally selected (see "Remarks" ! 

column), and 19 ID llnmlpass selected). i 


The threshold setting should be selected 
to minimize false Alarm rate sod maxi- 
mize the probability of deteotlon. Know- 
ing the approximate 8/C attitude & 
ephemerla, the brightest available star 
can be determined. The silicon magni- 
tude of this star can be determined from 
Trblc 3, 3. 3, 3-3. The corresponding 
desired threshold setting can bt deter- 
mined from Figure 3,3, 3.3-1 (Desired 
threshold setting vj. silicon magnitude). 

(Continued) 


•eg *»a 

o* nonces 



REMARKS t VFHIHCATION 


TELEMETRY 

MNEMONIC 


REMARKS A TM DATA 


If PSI* haa born aelected: 


AMTHS 


A*1HJ>8 


A ‘2TIIS 


A*2BPS 


AMSASS 


a* miss 


ASHN88 


ASItRMS 


PSI* Threshold Sett In* lAnnbvi - Stale 4 or r> 


P8I • Ranripaaa State “ I (It llr). 


» If Pr'(2* hnr bp t aelectedi 


!>SI2»Thrciiholfl8rttlnK<An*lon)“SlntP 4 or r ». 


PSI2 Bnndpaaa State ■ 1 (It Hr) 


Star Oale A “ 1 (I'SI't cm ' 0 (VSI2‘), i* 
Mleclfd, 


Star Cate fl » I OH 0 - Samp choice nr made 
for AH! ASS. 


Hun Senaor Select • 00 (Mld-rnnRc aelrcled). 


Hun/Htar Select 1 0 (Star) 

HHH/SImulntcd SltH * 1 (Sltll) 


A*ACC(S 


ASI’INS 


AIOI F,P 


AS! i NOS 


ADVAN? 


Star Acqulaltlnn/Normnl * I (Star AcquIaHlon)] 
• Thin enuaea ftnte A to be 4f>° wide. 

IM I Spin Hrorp » 10 (fl.O - 17.7 rpm), 

PI.1. I obb of lock ► 0 (inhibited) 

Hun Onto * 0 (IHanMed), 

Sltlt Advnnci ' I (Advance*!) n,i« *,il 


chungf mil >n *iji t m ally i m.i 1 1 >i I n.iioe 
(»0) once the new SRI< pnlje ib delected 
and tba PEL reaet* the phaae. 


(Com i) 



































ou-c*t 



Table 4. 3. 3-4 (Continued) 

7TomKTmTo 

MNEMONIC 
OR STEP H 

(Continued) 


COMMAND OR ACTION 


_j 

TElemEtry! 

MNEM ONI C 

A DOCKS 


REMARKS b VEJ31>;|CATIQN ... 


• • r r 1 1» r M *-d»»p* and (/jj> 



A TO* I 
(for AIM’ I 
only) 
(MEAI 
S R R , 

MEA2 * 

SR It) 


AIM’ ( onfic.uie - Measurement Select 
(SR It to S It R , nml S It ft to SR It). 



Perform Step (310 of Table 4. 3. 3-3, 


REMARKS U TM DATA 

[’1,1. I. oee of I, nth I (Ill-lock) - TM* 
i» not a true indicator of l.ock (talus 
whan I'lili loaa of lock haa been 
inhibited, 


I <• rlor i ,, S| epa n nd of * «d*|i' 4, ’> i < • m 1 1 1 1 it «* 

Mu’ word "Star lot i|m- wind ‘ in tin 1 r (, MiNi M i nl’iinn, 


Aft«*r Mir l r I f*Mir t r v 1 4 « t « <1 nl thr riyht have fttftbtii/.rd, 
udiotfinn Star acf|uinlt inn h /» a nciiir r«*i| (f* n pul n n in 
rrnlrrrtl n / 1 1 nut l-all y in (!»(« A), ptmnnd to mertfiu roinfint 
aclrction: 


ATT Ml/. 

Oil 

ATTM2Z 
(Dependiiift 
on TM 
format 
• elected). 

SRR to RIP ( Telemetered ae both 
Meuaurrmrnt A and Meneuri'ment II) 
hai atahlllr.ed, 

A <’ 1 HR M 

PS I* Hrlghtneee ) The ealecled etar 

A1-2MRM 

'• i < liannel output hae 
PSI2* nrljjhtneae ) etablllaed in 
brightneaa 

AMI ADS 

Meaeurament A Addreai « non 
(SR R to SR R). 

AM2ADS 

Measurement 11 Addreia » 000 
(SRR lo Mill), 

AT 1' M 1 / 
OH 

A 1 TM2/. 

Actual epln rale can lie determined 
v Ith Meaeurament AhR. 

















Lit- 


TuMe 4, J, 

TTjmT I A h 1 1 
MNmMONK, 
OR .STEP H 


t -4, (< onllntiotl) 



COMMAND OR ACTION 


ll'.IEMK I HY 
MNEMONIC. 


REMARKS *, VEHIEICA I ION 


REMARKS U TM DATA 


• Couflrpti r lor mu noil op.. filing mo<|r< nfto, Slur 
A i ‘i'll " R 


A |)l 1 ( oolimiro • A ill’ Mntln Seln, I 

(I’l 1 . l.oxx "( I ,m k Entoilotl; (Sl.ir) NoiioaI xolct'loil; Sun (bite 
xinlr "tlou’l uirr," Iml Arbitrarily It’ll In til Snl’lntl xlnln; SRR 
Ally, mi t> lllltllilli-rl). 


A proclxc attitude determination xhould follow. Since the nun lx 
nut nvxllnblr, nml prexumnhly , the xtnr In uxe nx the HUH lx not 
known, n xtnr mnpplnn xhould bn tlom- imlng (Into II (Si n llgure 
3, 3,1 1.3-1 for tho mapping aeiuem: t und nil nvnllnlrln xtnrx 
poxlilonx uhciI for thn nttlhide detrrmi.dlon, If n xtnr olhrr Hum 
thn om- proncntly functioning nx thn SIIU l» tho preferred SRR, 
then n xtnr-to-xtnr trnnafrr xtuxilri hr mndr nftor tho xtnr map- 
ping (Sc!i> Tnlrlo 4,3.3-11) nml before tho xclonoo Rofornnco xlgn.il 
(III I’) lx oxtnbllxhorl. 



A’’A( (>S .Stm A(t|iil all Ion /Norn ml • fl (Nnrmxll 
• I III x t XiiXoN I late A |o retract In 
n w till 1 1 o I II. iS°. 


AI.IM.ES I’Ll, I .oil ot I, noli * | (Ena bird) 


AOVAN.S SRR Ail' -int o "0 (Mol AiIvxim oil) 



im 

?h ?8 

;ilf 


Date 









s«ctioa lo. »J.S.3 
»oc. «o. 

Orig. ittm 

■•vision Bo. 


■•vision 


TABLE 4. 3.3-5 

SIMULATED SRR "ACQUISITION" 


Given no established SRR and the initial conditions listed in Table 
4. 3. 3-2, inability to perform either a sun acquisition or a star acquisition 
implies multiple S/C failures or an abnormal S/C attitude with the sun Lo. s. 
along the spin axis and no stars within the star sensor field-cf-vlew. Also, 
if one were driven to attempt this sequence, one would have to make the 
best estimate of the present actual spin period based on previous knowledge 
in order to make foe simulated spin period acceptably realistic. Attitude is 
indeterminate except via foe earth 1. o. s. 

The actual spin period could be approximated in real time by measur- 
ing the period in the ground received signal strength signature emanating 
from a S/C omni antenna. 


• .3-112 
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TABLE 4. 3. 3-6 

SUN TO SUN (DIFFERENT SENSOR INPUT) TRANSFER OF SRR 


COMMAND 
MNEMONIC 
OR STEP # 

COMMAND OR ACTION 

REMARKS t VERIFICATION 1 

TELEMETRY 1 

MNEMONIC 

REMARKS It TM DATA 


• Initial conditions are aa ihown In Table 4. 3, 3-2 (essentially i ADP1 

ONi Fwd Omni in uae lor Uplink and Downlink; PSI is the 
SRR; and iu n sensor mid-range selerted. 




• Without speculating about the probability of occurrence of this 
sequence, it is presented here for completeness: 



0 

• Choose any detectable star for the purpose of bias measurement. 

• Measure and record the (SRR to Gated Star B) ATTM to this 
' bias measurement" star - converted to spin angle delay via 
(SRR to SRR) ATTM. Also, record the Intensity of this "bias 
measurement" star for aid In its Identification! 



0 

• Configure either PSI* or PSI2* channel for measurement of the 
"bias measurement" stan 



STRQl or 
STROA 

Star sensor Threshold and Bandpass Select (PSI* ££ PSI2* Selected, 
Threshold setting and bandpass selected for acceptable probability of 
detection of "bias measurement" star). 

A*1TIIS 

PSI* Threshold Setting 

At commanded 
settings, 
aocordlng to 
star channel 
selected 

A MBPS 

PS I* Bandpass state 

A *2TMS 

PS12 • Th re ahold Setttn« 

A *2 BPS 

PSI 2* Bandpass State 



St 

* 

U I 
I 



BO 

« 

4 

H- 

(ft 

0 

a 


Section lo. <*3.5.3 

Doc. Mo. PC-003 

Orig. Issue Date 5/22/78 



m- 


TABl.E d. 3. 3-6. /Continued) 


COMMAND 
MNEMONIC 
OH ST El 1 • 


COMMAND oK ACTION 


TELEMETR1 

MNEMONIC 


REMARKS L TM DATA 


Locate Cite D over the "bias measurement” star: 


ATQ05 | ADI’ Configure - ACS Angle Delay Magnitude 
(for ADR 1 

Only* Calculate 9 - SEI'sL’N.STAIt - BIASgi^ifTAR - 0,352° - 5,(525°, 

whero: 

(ACSANQ • SEI’siJNSTAH * Azimuthal separation angle measured In the 

plane normal to the S/C apln axis from the sun l.o. s. to the 
"bias measurement" star (measured In the direction of S/C 
spin); and: 

• HIASsunsTAR a value obtained from table In "REMARKS” 
column. ) 

• If 9 Is positive, commanded magnitude 9, 

• If 9 Is negative, commanded magnitude ■ 360° 9. 


AACHAD ACS Angle Delay Magnitude - Value 
Commanded, 

e Thle action here, plua Star Oate B 
seloctlon In tbe next etep, will 
position the "bias measurement” star 
to be In tbe center of Oate B, 


e Actual delgy Is 0.352° larger than 

the commanded value. 

Oate B 

Corresponding value (from 

Star 

Ttbles 3, 3, 2. 2, 6-1 and 

Channel: 

3.3.2, 2 . 6 ..2forBIA^ l;N8TARi 

PSI* 

-(l)-(2)-(3)*|A)+fB)A(C). 

P8I2* 

-(l)-(2>-{3)+(A)+(H). 


m ROOM 

i sm 

h* h-«o • 

M 0» e if- 

S’ O H £ 8 
■ B 8 • • 
9 %\ f 


Date 
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TABLE 4. 3. 3-6 (Continued) 


COMMAND 
MNEMONIC 
OR STEP # 

COMMAND OR ACTION 

r REMARKS 4 VERIFICATION [ 

TELEMETRY 

MNEMONIC 

REMARKS & TM DATA 

© 

• Select Star Gate B for the star channel choaen In Step^^i 



ATQ03 (for 
ADP 1 
Only) 

ADP Configure - ADP Mode Select (Star Gate B - 1 or 2 (For PSI* 
Channel or PSI2* channel, respectively, as selected In StepQ)^ 

A*GBSS 

Star date B • 1 (PSI*) or - 0 (PSI2*), as 
commanded. 

A*1BRM 

PSI* Brightness ) Aooordlng to star 

A*2BRM 

PSI2* Brightness ) should have stabilised 
to a value recognisable 
as that of the "bias 
measurement" star. 

© 

• Configure for and reoord present spin angle delay to "bias 
measurement" atari 



ATQ01 (for 
A DPI Only) 
(VEA1 -SRR 
MEA2-GSB) 

ADP Configure - Measurement Select (SRR to SRR) and (SRR to 
Gated Star B)i 

ATTM1Z or 
ATTM2Z 

Attitude Measurements 

• Calculate spin angle delay to "Mas 
measurement" star. Call It "PRE- 
ME AS" 

© 

s Transfer the SRR to the extended range sun sensor of cholcei 



ATQ03 (for 
A DPI Only). 

ADP Configure - ADP Mode Select (Sun sensor extended range 
upper or lower selected', all other selections not changed). 

ASUNSS 

Sun Sensor Select * 01 (Extended Range 
Lower) or - 10 (Defended Range Upper), as 
commanded. 

ATTM1Z or 
ATTM2Z 

Attitude Measurementa 

e Calculate spin angle delay to "Mas 
measurement" star. Call It "POST- 
MEAS. " 


All other TM as before. 


© 

0 

» 

o 

0 


00 o O (A 

5 2 .? % 

g>iO t re 


OW © 

0 « t 

M 
a e 
o 0 

' ° 

* [ 
r»| 
0 


g 


0 

1 




E 
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* 

w 


TAB! Y. 4.3.3-fi C ontinued) 


COMMAND 

MNEMONIC 


COMMAND OH ACTION 


OH S I' F 11 * 


© 


( onflguie for and record present ATTA1 measurement for 
Hll’ delay I If not already known): 


ATQ01 (for ADI’ Configure - Measurement Select (NRH to SHIt) and (SHU to 
ADI’ 1 Only) HIP). 

(MBAI = SRf< 

MKA2- Hll’) 



Iteadjust HIP delay w. r. t. new SHHj 


ATQBfi (for 
A DP 1 Only) 
HIPANCi 


ADP Configure - Roll Index Delay Magnitude (Magnitude - 
(AHIPAD value from Stcp^T^) + "CTIANOK," where: 

"CHANGE" - ("PltKMKAS" (from step(5)» - ("POST -MPAS” 
(from Step^O^l). 
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TABLE 4.3. 3-7. 

SUN TO STAR TRANSFER OF SR R 


Command 
Mnemonic 
Or Step # 

Command or Action 

Remarks & Verification ! 

Telemetry 

Mnemonlo 

Remarks ft TM Data 


• Initial conditions are as shown In Table 4, 3, 3-2. (Essentially! 
A DPI ONj Forward Omni In use lor uplink and downlink) and 
PSI Is the SRR). 



TUT" 

• The 8/C attitude should be well known on n continuous basis. 

However, an updating of the star map may be required periodical^ 
and. If needed, should be performed prior to transfer to a star 
SRR - preferably during apoapsis. 

i 



• Perform a complete or limited star map per the sequence In 
Figure 3. 3. 3. 3-2, as required. As a minimum, map the Immed- 
iate azimuthal vicinity <10°, In 2° segments) of the star that Is the 
SRR candidate. 

• As a minimum, record <8HR to SRR) and concurrently, thc(8KR 
to Gated star B) ATTM values, 

(1) using PSI * channel for Star Gate B with the 8RR candidate 
star. 

and 

(2) using PSI2- channel for Star Gate B with the SRR candidate 
star. 

• Translate above to sp’n angle delays, using (SRR to SRR) 
measurements). 



© 

(BIAS) 

— 1BI1 

• Configure PSI* (or PSI2-) channel for use as the SRR channel for 
the SRR candidate stars 



STHQ1 

OR 

STRQA 

Star Sensor Threshold and Bandpass Select (PSI* (or P8I2-) selected, 
Threshold Setting and Bandpass Selected for acceptable probability of 
Detection of SHIt Candidate Star). 


PSI ’Threshold Setting. At commanded 

A *1 BPS 

PSI* Bandpass State f ett ‘ ng *’ 8 “ ord - 

1 Ing to star Chan- 

A -2TH8 

PSI2 -Threshold Setting " el Sc,ected * 

A •2BPS 

PSI2- Bandpass state 













TABLE 4,3. 3-7 (Continued) 


COMMAND 
MNEMONIC 
OR STEP # 



COMMAND OR ACTION 


Locate Cato B over the SIUI cnndldato star: 


ATQd5 
(For A DP 
Only) 

(ACSANO) 


ADP Configure - ACS Angle Delay Magnitude 

Calculate 9 ~ SEP s( j Ns rAll - BIASjj uNSTAR “ °- 352 ° - 5. G25°, 
where: 

• S f^P’sujsjsTA R = Azimuthal separation angle measured In tho 


plane normal to the S/C spin axis from tho sun l.o.s. to the 
"bias measurement" star (measured tn'tho direction of "s7C 
spin); and: 


e B^SsUNSTAR ” v ®l ue obtained from table In "REMARKS" 
column. ) 


• If 0 Is positive, commanded magnitude ■ 9. 

e If 9 Is negative, commanded magnitude ■ 360°+8. 


REMARKS & VERIFICATION J 

TELEMETR' 

MNEMONIC 

REMARKS & TM DATA 



AACSAD 

ACS Angle Delay Magnitude “ Value 
Commanded, 


# This action here, plus Star Gate B 
selection In the next step, will 
position the "bias measurement" star 
to be In the center of Gate B. 


e Actual delgy Is 0.352° larger than 
the commanded value. 

Gate 

Gate B 
Star 

Channel: 

Corresponding value (from 
Tables 3.3, 2, 2, 0-1 nnd 
3 .3.2.2.«-2)for B .A WTAH| 


PS1* 

-(l>-(2)-(3)*/A)-»(n>+(C>. 


PSI2* 

-(l)-(2)-(3)+(A)+(C) 


BO 

m 0X9 

9 

too 

4 

4 K ft 

P» 

p-tO • 

W 

g* 

J5. * a b 

O M O 

a 

» w * 



s 

l 




Kl 






u» 

* 

» 

w 


•J 

CD 


Section >o 
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TAIII.K 4.3.D-7. (Continued) 


Command 
Mnemonic 
Or Step i 

Command or Action 


Telemetry 

Mnemonic 

0 

• Select Star Gates A and n for the desired SRIt star channel 
(selected In Step(2)) : 


ATtJlto (For 
A DPI only) 

A DP Configure - A DP Mode Select (Star Gates A and B 

both channel 1 (for PS[* channel usage) or both channel 2 (for PS! 2* 

channel usage)). 

A ♦GARS 

A'C.ass 


© 

Configure for and record all present remaining pertinent ATTM and 
associated measurements for post-transfer use} then configure finally 
for measurement during transfer; 


(Continued) 



■e 

u> 


Remarks & Verification 

Remarks & TM Data 


Star Gate A = 1 (l»SI*) OK = 0 (PSI2»), as 
commanded 


Rtnr Gate B - l or = 0 - Same choice as 
made for A ‘GASS. 


AH other A DP Mode states should be 
unchanged. 


« H* ft Q 

fcf I 


gsf 

as a 
0 • 
t 


* 

9 

to 


s 


o 


Pin 


•fct 




o 

x» 
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TABI.E 4. 3. .1-7. (Continued) 


Command 
Mnemonic 
Or Stop # 


Command or Action 


(Continued) I 


A DP Configure - Measurement Select ((Sltn to SBR) ami 


I Remarks & Verification ] 

Telemet ry 
Mnemonic 

Remarks & TM Data 

ATTM1Z 

OR 

ATTM2Z 

Attitude Me' surement: 

• Record, when SAT Ib configured, the 
following for |iost- transfer user 

(SRR to SRR), and (SRH to RIP) 

• SRR to GRted Star should 

stabilize to less thun 0. 3 variations. 

A *1 BRM 

PSI • Brightness According to Star 

A *2BRIW 

PSI2* Brightness should have stabilized 
to value recognizable 
ns that of the SRR 
candidate star. 

ARIPAO 

RIP Magnitude Hecor<J vnl(le . 

AACSAI) 

ACS Angle Delay ^ post-transfer Pse. 
Magnitude 

A SI MS'/ 

PI, I. Spin Periad/ 
Magnitude 






to to 

% 2 


S' * 


orig. Issue Date 






IZl- 


Table 4. 3. 3-7. (Ccr.linuect) 


■e 

U) 



HOOH 
< 
r 


**% 


< * 

?• t 

H* SO 
© m o a 
p » • 

« 


a c 

O « 


PS. 


to 

© 

4 

►* 

cn 

M- 

o 

0 


I® 


J 


O»o 


*Et 






lit- 



u> 


to 

% 


COMMAND 
MM- MONK' 
OU. S I KP * 


REMARKS t VERIFICATION 1 

COMMAND OK ACTION 

ILLEMETKY 

MNEMONIC 

REMARKS t TM DATA 

Q 

• Transfer Ihe SRR to the candidate atari 



A TC^n (For 

A DP Configure - A DP Mode Select 

A8RRM8 

aun/SUr Select » 0 (Aar) 

A 01*1 
Only) 

(PI. I, of Ix>rk Inhibited; Star Selertodj FHM Advanee f?elecled>. 

A DOLES 

PLL Uh of 1x>ck ■ 0 (Inhibited) 

(Pl.Dj 

HEFSTRi 

SRAADV) 


ADVA NS 

SRR Advance = 1 (Advanced) 1 hie will 
change automatically to normal mode 
( 0) once the new SRR pul ee Is detected 
and the PLL reeetn the phase. 




Phase reference of PL.L will transfer 
to Star located In Cate b. 

• Star will leave Gate B. but etay in 
Gate A. 



AI-OCK8 

PLL Lose oT lx»k ■ 1 (In- look) - Thlr la 
not a true Indloator of I>ook atatua when 
PLI. Lose of Lock hae been Inhibited. 



AMBRM 

P8I* Brightness 

Aooording to channel 
•elected, brightness 
will drop to zero. 
Indicating star has 
'left Gale B. 



A*2BRM 

P8I2* B lightness 

. 


ATiMIZ 

OR 

ATTM2Z 

Attitude Measurementei 

• If SRR to Gated Star B ia one of the 
selected measurement chaimele (e.g. , 
during bias measurement effort near 
apoe pale), aa soon aa the star leaves Gate 
B, this measurement t an no longer be 
made, and ATTM measurements A and B 
will no longercycle. The last valid meas- 
urement from the alternate selected value 
(In thle case, SRR to SRR will be 
continuously telemetered frr both 
A and B measurement slots. 

Refer to Para. 3. 3.3.9. 2 


t» O O W 

sas* 

trf • i 

S'mSI 
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TABI-E 4, 3.3-7 (Continued) 


command 

MNEMONIC 
OR STEP # 

COMMAND OR ACTION 

f 

TELEMETRY 

MNEMONIC 

© 

(BIAS) 

e Configure for and record present ATTM measurement s for 
KIP Delay, 


ATQ0I (for 
ADP1 Only) 

ADP Configure - Measurement select (SRR to SRR) and SRR to 
RIP). 

ATTM17, or 
ATTV.27, 

© 

Readjust RIP Delsy w. r, t. new SRR) 


ATMtffi (for 
A DPI Only) 

ADP Configure - Roll Index Delay Magnitude /Magnitude ■ Value of 
"A7,IUP" calculated In Step ), 

> 

2 

•3 

> 

ATTM 17. or 
ATTM2Z 

© 

s Establish normal post-transfer mode for ADP) 


ATQ03 (for 
A DPI Only) 
(PI.Ei 
SltANRM). 

ADP Configure - ADP Mode Seleot (PM, J,os* of I,ock Enabledi 
SRR Advance reset). 

ADVA NS 
AIXJLES 

ALOCKS 



IKMARK3 t VERIFICATION 

REMARKS t TM DATA 


Attitude Measurements) 
o Record present readlngr. Convert to 
spin angle delays vis ose of last known 
solo period. 


Roll Index Delay Magnitude * commanded 

Ysto. 

SRR to RIP - Step function change by a mag- 
nltude ■ "A" ♦ TMRIP (defined In Step flil 


SRR Advanoe ■ 0 (Not advanced) 

PLL Loss of lock * I (Enabled) 

PLL Loss of tiook - Now a true Indicator. 
All other TM as before. 


ft 

4 


r 


0 


woo 
9 n 6 

4 M- O 

S"f • 


strf 
0 
as e 
o ft 
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0 

re 

• 
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Ml 

v 

•Mi 
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X 

kr 

U » I* 
» 
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Ol WfVWS 




Sectioo Bo* 

DOC- Bo. PC -403 

Oriq . I save Date S/22/7S 
Bet ision Bo* _______________ 

Bev ision 


TABLE 3. 3-8 


This table eiists ia the Orbiter tolaae 
(PC -402), bat not is the Baltiprobe Tolaae 
(PC-403) * By keep la q this table aaaber 
blank, sabseqaeat table aaabers coo fora ia 
function betoeea the tao voloaes . 
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TABLE 4.3.3 -9 
SUN on STAR TO SIMUI-ATED SRR 


COMMAND 
MNEMONIC 
OR ST El’ • 

COMMAND OR ACTION 


• Initial oondltlona are M shown In Table 4. 3. 3-2. (Eaaen- 
tlallyi ADP 1 ON; Forward Omni In uaa for uplink and down- 
tlnkj and PS1 or PSD or P8I2* la tho SRR). 


• Thla sequence will b« uaad normally only If the aun and all 
reliably detectable etare will nc4 be available Imminently aa 
an SRR. 

© 

e Conflguro for and record pretent ATTM meaaurementa for 
the apln period, and almulatorl apln period. 

ATQfll (For 
A DPI Only) 
(MEAI *8RR 
MRA2 - SRR 

ADP Configure - Meaeurement Select. ((SRR to SRR) and (SRR to 
SRR)). 

© 

e Determine the mean of 30 auaceaalve earn pi a* of (SRR to 
8RR) - reject aamptea outalde of 3#r deviation from the meant 
then recalculate the mean of the remaining aamptea. 

© 

e Change the almulated apln period magnitude to be the mean 
value oaloulated In StepQV 

ATCJ07 (For 
ADPI Only). 

If the MSRa have to be chnngedi 

ADP Conflguro - I’M, Spin Period Magnitude (MSRa), 

ATtfSft (For 
ADPI Only). 

If the * IS Re have to be ohangedi 

ADP Conflguro - I'M. Spin Period Magnitude (ISRa). 

© 

Trenefer to the almulalnd snRi 




or SRR 


REMARKS t VERIFICATION 1 

H2J2222r| 

REMARKS ft TM DAI A 







ATTM IE or 
ATTM2Z 

Attitude Meaaurementei 
e Record at leaat 30 auoceeelve sample* 
(SRR to SRR). 

ASIMSZ 

PEL Spin Period j Record thle almulated 
Magnitude (10 bttal 1 a Din period magnitude. 





ASIMRZ 

PM, Spin Period 1 Same aa that 
Magnitude (ft M8R I Commanded, 
of IS bite). ’ 

ASIMSZ 

Pl.t. Spin Period ) Same aa that 
Magnitude (ft 1AH j Commanded, 
of 1 A blta). ' 
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TABLE 4. 3. 3-0 (Continue*!) 


COMMAND 
MNEMONIC 
OR STEP * 

0 

ATQ03 (For 
IaDPI Only) 


COMMAND OR ACTION 


A DP Configure - A I)P Mode Select 

(PM, Ix>ee of Lock Inhibited} Simulated 8RR Selected). 


(PLDj 

REFSIM) 







LZ l- 


'lAflLfc. 4. 3. 3-10 


STAR TO SU ft IftAMfJSR. Q f.aBR 


COMMAND 


REMARKS (< VERIFICATION 1 

MNEMONIC 
OR S I EP * 

COMMAND OR ACTION 

TELEMETER 

MNEMONIC 

REMARKS fi TM DATA 


• Initial conditions are aa shown in Table 4. 3. 3-2 (Essentially i 
A DPI ONi Forward Omni 

In use for uplink and downlink; and either I>S|* channel or P812» 
channel Is In use for the SRIl). 



O 

Through 

0 

• Perform Steps(1)through(3)of Table 4,3.3-fi (Sun to Sun (Different 
Sensor input) Transfer of SRR), with one exception i 

In Step^yConflRure the star channel (pfd» or PS12*) that Is not 
being used as the pre-transfer SRR Star Channel. 



© 

Transfer the SfUt to any one of the three sun sensors of chotoei 



ATQ03 (For 
A DPI Only) 
(PI.D-.SKKX; 
REFSUN; 
Sl'ODj 
8RAAOV) 

A DP Configure - A DP Mode Select 

(PM. loss of lock Inhibited; sun sensor midrange or extended range 
u PP*r or extended range lower; sun selected; Sun Gate Disabled; 
SRR Advance selected). 

A8UN88 

Sun Sensor Select - 00 (Mid-Range) or 
■01 (Extended Range Lower) or - 10 (Ex- 
tended Range tipper), as commanded. 

ASRRMS 
(Word 4, 
Bit 5) 

®an/Star Select ■ 1 (Sun) 



A LOI.ES 

PM, Loan of Lock ■ 0 (Inhibited) 



AI.OCKS 

PLL loss of Lock - 1 (In-Look). This la 
not a true Indicator of Lock statue when 
PLL Lose of Lock has been Inhibited. 



ADVA NS 

SRR Advance = 1 (Advanced) This will 
change automatically to normal mode 
( = 0) once the new SRR pulse i a detected 
and the PLL raaela the phase. 



ATTM 1 7 . 
OR 

ATTM2Z 

Attitude Measurements - 

e Calculate spin angle delay to "bias 
mea surement" ata r. Call it "POST - 
MPAS" 




e All other TM as before. 


S’ 

S’ 
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TABLE 4.3.3-10. (Continued) 


COMMAND 
MNEMONIC 
Oil STEP * 



COMMAND OR ACTION 


Perform Stepa^^ and (s^of Table 4. 3. 3-6, 


© 


Eatabllnh normal poet-tranafer mode for ADPi 


AT<i03 (For 
ADPI Only) 


A DP Configure - A DP Mode Select 

(PI,I. loan of look enabled; Sun Gate enabled) Sllfl Advance Inhibited), 


(PI.EjSDGE; 

SRANKM) 


SO 

3 

!» 

r 

9 


REMARKS ft VERLFiCATFON 1 

TELEMETRY 

MNEMONIC 

REMARKS ft TM DATA 





AStINGS 

Sun Cate “ 1 (Enabled) 

A DOLES 

PI.L leas of Look * 1 (Enabled) 

A LOCKS 

PLL Loas of Ix>ck - Njw a true Indicator. 

ADVA NS 

SRR Advance ■ 0 (Not Advr.uoed) 


All Other TM aa Before. 



S Action lo 
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TABLE 4. 3. 3-11 

STAR TO STAR TRANSFER OF SRR 


COMMAND 
M> KMONir 
OUSTER # 

COMMAND OR ACTION 

REMARKS & VERIFICATION 1 

ce 35335 

REMARKS L TM DATA 


• Initial Conditions are as shown In Table 4.3, 3-2. (Essentially i 
ADR1 ON; Forward Omni 

use for uplink and downlink; and either l>SI* channel or R.SI2 • 
channel la In use for the SRR). 




• This sequence assumes the sun Is not available cither as an SRR 
or for ATTM measurements to the PS12 channel, 

• The S/C Attitude should be well known on a continuous basis. 
However, an updating of the Star Map may be required periodical!; 
and, If needed, should be performed prior to transfer to a differ- 
ent star as the SRR. 

1 


O 

Through 

® 

• Perform Steps(T)througl(3)of Table 4. 3. 3-7, (Sun to Star Trans- 
fer of SRR), wlm one exception; 

For the star channel that (:• the present SRR charnel, (t Is unde- 
sirable to ohange the threshold selection and the bandpass selec- 
tion. This is to prevent loss of the present SRR star. 



0 

• Select Star Gate R for the desired SRR Star channel (selected In 
Step^Jjbut retain Star Gate A selection for the present SRR; 




50 
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REMARKS & VERIFICATION 


W R O CM/) 

5 8P.88 



IV 

IELKMETRY 

MNEMONIC 

REMARKS fc TM DATA 

A*GA8S 

Star Gate A - No ohange in TM reading. 

A*0BSS 

Star Gate B » 1 (P8I*) or « 0 (P8l2»), aa 
commanded. 

A 'GASS 

Star Gate A “ 1 or ■ 0 - Same as for 
A *OBSS (Star Gate B). 
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TABLE 4.3.3-12. Simulated SRR to Sun Transfer of SRR 


COMMAND 


REMARKS ft VERIFICATION 1 

MNEMONIC 
OR STEP# 

COMMAND OR ACTION 

IELEM: TRY 
MNE'WHIC. 

REMARKS ft TM DATA 


• Initial conditions are as shown In Table 4. 3. 3-2 (Essentially! 
ADP1 ON; forward omnt 

In use for uplink and downlink; and simulated SRR Is the SRR). 




• Without speculating about the probability of occurrence of this 
sequence, the sequence Is presented here for completeness. 



© 

Through 

Q 

• Perform 8teps@through©of Table 4. 3. 3-6 (Sun to Sun (Different 
Sensor input) Transfer of SRR) 



© 

Transfer the SRR to anyone of three sun sensors of choloe; 



AT^3 (For 
A DPI Only) 

ADP Configure - ADP Mode Select (Command #2) 

(Sun sensor mid-range or extended range upper or extended range 
lower; SRR Advance, Sun Gate disable, SRR, am - all selected; PLL 
Loss of Lock Inhibited). 

ASUNS8 

Sun Sensor Select * 00 (Mid-Range) or 
- 01 (Extended Range Lower) or " 10 
(Extended Range Upper), as commanded. 


A8RRMS 
(Word 4 
Bit S) 

Sun/Star Select “ 1 (Sun) 



ALOLE8 

PLL Loss of Look - 0 (Inhibited) 



A LOCKS 

PLL Loss of Look " I (In-Look). This Is 
not a true Indtoator of look atatua when 
PLL Loss of Look baa been Inhibited. 



ADVANS 

SKK Advance = 1 (Advanced) Thia will 
change automatically to normal mode 
(-0) once the new SRR pulse is detected 
and the PLL resete the phase. 



ATTMIZ 

OR 

ATTM2Z 

Attitude Measu rem. ntn 

• Calculate spinangle delay to "bias 
measurement" star. Call it "POST - 
MEAS" 




AH other TM as before. 



to 

<0 

4 

M" 

w 
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Table 4. 3. 3-12. Simulated SRR to Sun Transfer of SRR (Continued) 


COMMAND 
MNEMONIC 
[OR STEP » 


and 


0 


COMMAND OR ACTION 


• Perform Stepe^T) and (s)of Table 4. 3.3-6. 


© 


• Establish normal post-transfer mode for ADPi 


ATQ^3 (For 

ADPI Only) 


ADP Configure - A DP Mode Select (Command 12) (Sun Oate Enabled, 
PEL Losb of Lock Enabled). 


REMARKS & VERIFICATION 


ELEMETRY 

MNEMONIC 

REMARKS It TM DATA 





ASDNGS 

Sun Gate » l (Enabled) 

ALOLES 

PLL Ivors of Look ■ 1 (Enabled) 

A LOCKS 

PLL Loss at Look - Now a true Indicator 


• All Other TM as Before. 




* 

% 

I 

0 




r . ■■ w • i 
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TABLE 4.3,3-13. Simulated 8 HR to Star T. ansfer of SRR 


COMMAND 
MNEMONIC 
OR STEP # 

COMMAND OR ACTION 

REMARKS & VERIFICATION 1 

TELEMETRY 

MNEMONIC 

REMARKS L TM DATA 


• Initial conditions are aa shown In Table 4. 3. 3-2. (Essentially) 
ADP1 ON| forward omnl 

In use for uplink and downlink) and simulated SRR le the SRR). 




• This Is a general purpose sequence. 



Through 

© 

• Perform StepsQthroughnchof Table 4. 3.3-7, Sun to Star Trans- 
fer of SRR, except do onlyme limited star mapping In Step(T)at 
the most. The true spin period of the S/C can easily deviate 
+1 bit (0 . 323 milliseconds) due to various onuses, so that this 
transfer from the simulated SRR should be done expediently, as 
the SRR Candidate star can drift out of star Gate B In a matter of 
tens of minutes (Refer to Para. 3. 3. 3. 7. 5 for further discussion 
of drift Rate). 

It Is also necessary to Include SRR Select in Step^) , 

ASRRM8 
(Word 4, 
Bit 6) 

SR R/ Simulated SRR - 1 (SRR) 



. . 
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POWFH I'ltOHl Y K>lt m s 


Start Tlrot- 
Mode v 8< ration 
S»jn ^-) fc U 
Solar [Hot. 

SubnysU-m- l nils 

Pr< -1 Minch & I aunch 

< rul*e • \ 

It M * 1 

-0.500 Urn. 
I.on Hr. 

0.00 IX*. 
t7l.<.« Mkm 
1 nils V\ .ill * 'Amps 

On'sl-y <Jf 27.5V 

1-2.0 hay* 

0.00 Hr. 

90.00 IX-K. 

151. Ci Mkm 
1 nit* \\ att“/Amf.H 

On/Sb>/C>ff 28, 0 V. 

1 *5 0 Ivjvs 
0.18) Hr. 

911.00 lx*. 

15). M) Mkm 
l nit* Watt*/' Amps 

On/Shy 'Off 28.0 V. 

(ommntl) XpPM.-lu.vr 


2/0/0 

4. 10/0. 11, 0 

i/0/0 

1 . HI '0. 1 57 

2 /«» '0 

4. 10/0. 1 57 

Xpndr- Xctr 

P 

1 '0/1 

.1. 91) '0. 1 12 

l/0'l 

3. JO '0. 139 

l/0/| 

1.90 0, 139 

Pov er Amp 

1 

1 '(> > 3 

31.6.1/1. 150 

1 'O'l 

32. 20 '1. 170 

i 'o in 

32.20/1. 150 

hrl-er \mp* 

1 

1 '0 '3 

10.31/0. 377 

i 'n/:» 

10. 50/11. 375 

1 /0 '3 

10. 50/u. 375 

'xrf tc he*. 

1 

0/ 1/0 

0. 2l)/0, 007 

0/1 '0 

0. 20/0,007 

ll /l *0 

0. 2O'0.U07 

Mihtotul 



50. 11/1.831 


5* <.>'1.828 


71. 20/J, H2H 

l ‘ it i 'lei, Proc. 


1 0 '1 

7. 78MI. 263 

I/O T 

/, 92 '0. *263 

1 '0/1 

7. 12 A). 2 

IK M 1- nc.lMrrw ! 

1 0/1 

4. 03/(1, 146 

I/O' I 

4. lO'O. 14'. 

//O'l 

4. IQ'l). 146 

sub total 



I 1 . 01, 'll. 42* 


12. 1)2/0. 4 >9 


12. O'VO. 4°?) 

Command PM P P1 # *?t nv> 1 

2/0/0 

9.02/0. 328 

2/0/0 

s. is/0. j.'b 

*/J/0 

9. 18/0. ?28 

C!M. ? em. 


Vo/o 

U. 00/0. ooo 

0/0/2 

0.00/0.000 

1/0/1 

1.99/0.07) 

Pyr® (-’ontrol 

| 

/2/0 

0. t*»/0. 004 

0/2/0 

0. 1*2/0. 18)4 

0/2/0 

0. 12/0. 00 i 

Mjhtola* 



9. 1 ,/0. U.VJ 


!). 30 *u. 332 


11,2b '0. 103 

‘ ontrol- At IW.i Proc. 

1 

0/0- 2 

0 '0 '0. IM>0 

1'0/t 

0. 90 A). 2 H, 

1/0/1 

(>.9(1/0.215 

Ji*l 1 uni. K 

l 

0 '0/2 

0.09 1). 18.11 

0 0 2 

0.00/0. 000 

1 'O'l 

0. 17 0.00* 

Drlu-r 1 

1 

2 0 Ml 

0.03 '0.001 

l 1) '0 

0.03 0.18)1 

2 0 0 

1. 53/0.056 

M »r sensor 

P 

O'O | 

0.00/0.000 

1 'Wll 

l. 29/0. OH. 

1/0/0 

1. 29/0.010 




0.03 /0.001 


1. 22/0. 294 


9. hi 0.351 

Prop, JuVal i-H 

K 

0 '6/0 

n. io/|).oon 

O/h.'ll 

0. OO O. 000 

1/5/0 

17.80/0.638 

it. I< 1 1 It r III 4 

b 

2/0'<* 

0. Vi 0.021 

2/ 0 5* 

0. »»/(,, 9 !1 

2/0/0 

0. 59-0.021 

ft. frl 1 It r H23 

ft 

2 /Q /II 

3.36/0. 12* 

2 'll 0 

J.48'0. 12) 

2/ 0 'D 

3. (M U. 12) 

A.JetIPr AS 

H 

1 '0 0 

0,83/0,030 

1 '0/0 

0. 86'O.OU 

» '0 'll 

0.80 'f).03| 

A. Jot Mtr .Mi 

n 

1/0 

1 . 1 1 '•>. 0 1 1 

1 '0 0 

1. 1 «/». 1148 

1 '0 /<> 

J . 1 H/0. 0 12 

Prop. 1 nh.)ltrH 

it 

1 01 

16, 71/0. 608 

1 0/1 

17. 36 'll. 1.20 

1/0/1 

17.36/0. MO 

Subtotal 



22. MO. 822 


21. 17 0. H3“ 


41.27/1. 171 

Probe* l.l’.Hfr 

X 

•> '0 '1 

0. 00 /n. nun 

l /ll.'O 

21. 50 '0. 768 

1/0/0 

21.50/0. 768 

*>. P, Htr* 

X 

0/11 /J 

i). no,- li. ooo 

.1 'll 0 

0, OO'O.U 8> 

3/0 0 

O.IIO-'O. ooo 

l kO l*wr< 1)1 

1 

1* 0 1 

O.oo '.-.ooo 

■ i o/J 

u.oo o.ooo 

0 'o/l 

0.00 0.000 

CM' 1 -v, r -v. i. 

1 

l)/ll 1 

0 OO' o.ooo 

•/«. 1 

O. <10 0. ooo 

o O'l 

<». OO O. OOO 

( mil Inhibit 

It 

O/.l 

0. 11 0.1)1 . 

1 0 0 

u. 13 '0. 013 

I/O o 

ll. 12 0.015 

suMot.il 



0. 11 '0 01 7 


21. 92 Ml. 7H.I 


21.92 0.783 

l‘(i*i r Halt l'hn. 

If 

0 • *2 (I 

U. <)l)/U.0llil 

2 0 0 

9. 80/0. (50 

2/0/11 

9. 80/ 0. .150 

nun 1 ImlU-r 

X 

n - ;v 

0,“o u.025 

0 '7 Ml 

«, 7(1/0.025 

o. 7/0 

0.711 0.025 

’ ndi c'tver.-w 

l( 

i ■'0 'i> 

U.J6 0.013 

1 O' 11 

1). 36/0.013 

1 .'0 mi 

0. .’(<’ '0.013 

1 l ur-ent 8*'r«*or H 

1 »)>0 

0. 28/0. .Ill) 

i'O l» 

n. jh D.oio 

3/0 'll 

0,’28'O.JIO 

1 -up i r 1 i « rf . 

X 

1 0 '0 

0. 19 '0.005 

1 0 II 

0. 211 'll. 0,17 

1 0 u 

11.20/0.(8)7 

11 ill, IHm-h. 

It 

2/0 '0 

2. 20 Ml. 080 

II 2 0 

f. Ill <11. V '91 

n '2 'll 

). Ill '(I. 0.7(1 

Mibtol d 



3. 73 'll. 133 


12.71/1). 155 


1*2.7) 0. 155 

Ut<<t; ibutton Iiis*» 



2. 52' 


3. 92 


3. 72 

S*l 1 ot al 



100.25 '3, :mh 


1 12.79 1.959 


164.00 '5. 723 

.Vll'IH 1 ,' 

r 

l> '0 '1 

0. 0(1 l). 000 

1 II '0 

JO.IM)/!. 071 

o-u'i 

0.00/0,000 

filial ,->/< 1 (xkN 



100. 25/. 1. 5n8 


172. 79/0.030 


n>1.00/ .>.723 

solar Pam 1 Povsi r 



0.00 O.om) 


2?7. 36 1 28 


227. r.l.'H, 128 

solar Piftcl 1 ontingencv 



/o.ooo 


li. 09* 


li. w.. 

Hittrn Amp* 1 -M*d 



Ai. r.i,8 


/O.OOO 


'0.18)0 

Hatlerv Ampere* lleqiiiml 



3,508 Ampra. 


0.000 Ampra. 


0,0(10 \mprM. 

llattcrt Itneharin* Depth 



23.8 Percent 


0.0 iVrcrnt 


O.o pi-reont 


C r ut if *2 

l.*80. 1 Dhvh 
0.00 Mr. 

90.00 Deg. 

127. 50 M km 
lull* Watta/Amp* 


Nco Mentation 
F.-2B.0 Day* 
0,00 Hr. 
19. 00 Di-g, 
J2D. 80 Nfkm 


Probr Checkout 
K-28, 0 fk»v. 
0.30O Hr. 
49.00 Deg. 
1»». 80 Mkm 


1, 40/0. IV7 
3. 00/0, 139 
04,40/2.300 
21. no/0. 770 
0. 20/0. 007 
03. 90 A3 353 
7, «2/0. 2H1 
4. 1 (>A>. ]46 
l’.OVO. 429 
B. 18/0.328 
0.00/0.000 
0. 1 2 '0. 004 
9.30/0.332 
fi.90'0. 2 Hi 
U. 00 <1. OOO 

o. on 'O. 00 1 

1.29/0. li H, 

H. 32 0. 29 I 
0, 00 0. OOO 
0. 39/0. 021 
3, 48 0. 12 I 
0, HI, 0. (I3| 

I. Hi 'll. 012 
1 7. '<« (l, «JO 
23. 1 7 U 8.18 
21. '>0/0. 7->8 

o, oo/o. ooo 
0,00 '0, 01)0 
<), 00 0. ISM) 

o, 13 r o. oi ;> 

21.93 '0. 78 « 

9. 80 /O. 350 
0, 70 '0.027 
O. Il» /(I. 0*9 
O. 2* o.iilli 

0. 20/0. 007 

1. W f)',o 
12.7 1 0. 17 7 

I. 91 

180, 19 /«!, 181 

:k».oo/!.o-»i 
210. H) '7. 7.55 

280,83 10.211 
r>, 089 
/0.000 

0.000 Amprs. 

0,0 I’lTcrnl 


4. 40/0. 157 
3.90/0. 139 
32.20/1. ISO 
10. .,0/0. 375 
0,20/0.007 
51.20/1. 818 
7.»2'0. 283 
4. 10/0, 146 
12.02/0.429 
9. 18/0.328 
O.OO/O.OOC 
o. 12/0,18) I 

9.30/0.332 
0. 90/0.24O 
0.00/0.000 

0. 03 -O. 001 

1 . 29 0. O »<> 
8.22.0.291 
0. 00/0.000 
0. 39 '0.021 
3. 1*0. 12 1 
O, 80/0.031 
1. 18/0. J12 

I 7. 30. 1.20 

23. 47/u. 838 
O. 00 '0. HDD 
0,00 (1 .000 
o.oo 'o.ooo 
O, 00 '(», ooo 
0,43/0.015 
0. 13 '0.015 
9. 80. 0. 350 
0. 70/0,025 
il.3i, 'O.IU’I 
(i. ’* '0,010 
(I. 21) 0,007 
). )>, it. 0,7 1) 
12. 7 I 0.17, 
3. IK/ 

120. 80 l. 191 
30.00/1.071 
150, »u j.21.2 

240. 58/8.592 

/a ,: iso 
/o.ooo 

o.ooo Ampnt 

o. 0 lVrivni 


I. W'o. 157 
3.90/0. 139 
1,4. 40/2. 300 
21. 00/0. 750 
0. 20/0. 007 
93. 90/3. 353 
7. 92/0. 283 
4. 09/0, I li. 
12.02/0. 429 
9. 18/0.328 
0. 00/0. 000 
0. 1? 'll. 004 
9. 30/0. 1.12 
6. 90 '0. 246 
O. Oil 0. IKK) 
0, IM 0. OUJ 
1 . 29 -O. 040 

8. 22 0. 29 I 

0. 00/0. ooo 

0. 59 '0,021 
3.48/0. 124 

0. HI, •(). 1131 

1. IN '0.042 
1 7, jo 'o. ti2» 
23.47/0,838 

0. 00 '0. ooo 
0,00/0. ooo 
7.59/0. 271 
Vi. on ■>. <88) 
0.41 0.013 
03.87/2. 280 

9. 80 'O. 3.70 
0. 70 0.02.5 

0. W- '0.013 
(I. 28 0. 010 
U. 20 0.007 

1. 10 '0.050 
12.71 '0, 455 

19 

-28, 84 7.967 
0.00/0. OOO 
2 Jn, 8 1/7.987 
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TABLE 4.3. k, i I (Continued) 


Start Tlmt 
Mode Duration 
Sun Angle 
Solar Dial, 

Subay atem/l'ni ta 

l arge Probe Release 


■^’I'Tfrarn';.: 'is 

Bus Target 

P re- Entry 

E-24.0 Days 
0.00 Hr. 

24. 50 Deg. 
118.70 Mkm 
l nits WatU/Amps 

On/Sby/Otf 27 .V 

F.-20.Q Days 
2.00 Hr. 

17.00 Deg. 
116.60 Mkm 
Units Watu/Amp* 

On/Sbv/Otl 27. 5 V 

E-2O.0 Days 
2.00 Hr. 

17 .00 Deg. 
116.60 Mkm 
Unit* Watts/ Amps 

On/Sby/OCf 27.5 V 

E-18.0 Days 
0.00 H-. 

26.30 Deg. 
U6.60 Mkm 
Units Watts/Amps 

On/Sw/Off 28.0 V 

E-l. 6 Days 
0.00 Hr. 

56.50 Deg. 

107.60 Mkm 
Units Witts /Amps 

Qo/ag/ow 29.0 V 

Comm fHM Xp.idr-Hcvr 

P 

2^0/0 

4. 4v/0. 1 TC 

2/0/0 

4. M/0.160 

2/0/0 

4.40/0.160 

?/0/0 

4. M/0. 137 

2/0/0 

4.40/0,157 

Xpndr- Inciter 

P 

1/0/1 

3.00/0. M2 

1/0 '1 

3.80/0.147 

l/o/l 

3.90/0. 142 

1/0/1 

3.90/0, ISO 

1/0/1 

3. 00/0.139 

Power Amp* 

1 

2 '0/2 

63. 23/2. 3C0 

1/0/1 

03. 23/2. 300 

1/0/3 

31.83/1. 150 

1/0/* 

32. 20/1,180 

2/0/2 

64. 40/2. 300 

Driver Amp* 

1 

2 /0 t'l 

20. 63/0. 78) 

2/0/2 

20. 83/0. 750 

l/C/3 

10,31/0.373 

1/0/3 

10. 30/0.373 

2/0/2 

21.00/0.757 

Switches 

1 

o/l/o 

t>. 20/0. 00 : 

0/1 /0 

0. 20/0. 007 

0/1 'o 

0. 20/0. 007 

0/1/0 

0. 20/0. 007 

o/l/o 

0. 20/0. 007 

Subtotal 



92. 18/3.359 


92. 18/1.359 


30. 44/1.934 


51. 20/1.028 


93. 90/3. 363 

Data Tl 1 Pr«c >*Hor 

i 

1/0/1 

7. 78/0. 283 

l'0'I 

7. 78/0.283 

1/0/1 

7. 70/0, 203 

1/0/1 

7. 92/0. 293 

1/0/1 

7. 92/0. 283 

JXM Kb-*M THms 

1 

1/0/1 

4. 10/0. 146 

1/0/1 

4.03/0. 148 

1/0/1 

4.03/0.148 

t/0/1 

4. 10/0. 146 

1/0/1 

4. 10/0. 146 

Subtotal 



11,81/0, 429 


11. 81/0. 429 


11.81/0.439 


12,02/0.429 


12.02/0.429 

Command CMD PR *7 Coma 


1/0/0 

9,02/0, 318 

2/0/0 

9, 02/0. 328 

2/0/0 

9.02/0.379 

2/0/0 

9. 16/0. 328 

2/0/0 

9,16/0,329 

CMD Memory 


n/ft/: 

0. oo/f). 000 

0/0/2 

0,00/0.000 

0/0/2 

0,00/0.000 

1/0/1 

1. 99/0. 071 

1/0/1 

1.99/0.071 

Pvro Control 

1 

0/2/0 

0,12/0, 004 

0/0/2 

0. 12/0.004 

0/2/0 

0.12/0.004 

0/2/0 

0, 12/0, 004 

0/2/0 

0.12/0.094 

subtotal 



9. 13/0.332 


9. 13/0. 332 


9.13/0.332 


11.29/9.403 


11,29/0,403 

Control* At Data Prnc. 

1 

l O’l 

0. 78/0. 246 

M0/1 

6. 78/0.216 

1'C'l 

8,78/0.240 

1/0/1 

6.90/0. 2M 

1/0/1 

6. 90/0, 246 

.let t ont. K 

1 

1 0 i 

0. 12/0.004 

1/0/1 

0. 12/0.004 

1/0/1 

0. 12/0.004 

1/0/1 

0.12/0.004 

0/0/2 

0.00/0.0 00 

Driver 1 

1 

2/0 /0 

0. 03/0.001 

2/0/0 

0.03/0.001 

2/0/0 

U, 03/0. 001 

2/0/0 

0. 03/0. 001 

2/0/0 

0.03/0. 001 

Star Senior 

l 

l /0/0 

1 . 27/0. t>4t» 

1/0/0 

1 . 27/0. 046 

1/0/0 

1,27/0.046 

1/0/0 

1.29/0.046 

1/0/0 

1.29/0.046 

subtotal 



H, 19 /0. 20# 


8, 19/0. 298 


e.n/0. 298 


9. 24/0. 299 


8. 22/0. 294 

PropuM'on Jet Valve* 

II 

0/(i/0 

0.00/0,000 

0/6/0 

0.00/0.000 

0/8/0 

0.00/0.000 

1. 5/0 

17. 60/0. 836 

0/6/0 

0.90/0.000 

batch Vnlv4>* 

it 

u/t/o 

0.00/0. 000 

0/4 /0 

0.00/0.000 

0/4/0 

0.00/0,000 

0/4/0 

0.00/0 000 

0/4/0 

0.00/0.000 

)Uet II*r HI 4 

It 

2/0/0 

0.57/0.021 

2/O/0 

0.57/0.021 

2/0/0 

0. 57/0.021 

2/0/0 

0.39/0.021 

2/0/0 

0. 50/0.021 

lUet 1 1t r H2‘t 

It 

2/0/0 

3.36/0. 122 

2/0/0 

3.3ti'0. 122 

2/0/0 

3,36/0.122 

2/0/0 

3. 48/0. 124 

2/0/0 

3. 40/0. 124 

AJct Ilf r A A 

M 

o/o I 

0. 00/0.000 

0/0/1 

0. 00 'b 000 

0/0/1 

0. 00/0.000 

0/0/1 

0.00/0.000 

1/0/0 

0.90/0.031 

AJct lit r Af- 

It 

1/0/0 

1.14/0.01! 

Mo/o 

*.14'0.041 

1/0/0 

1.14/0.041 

1/0/0 

1. 16/0.042 

1/0/0 

1.18/0.042 

I'riif), rnk fltrs 

.< 

J/0/J 

IK, 71 ^0, 608 

1 '0/1 

16, 71/0, 008 

1/0/1 

16. 71/0. 609 

l/o/l 

17.3(1/0.820 

1/0/1 

17.36/0.620 

Subtotal 



21.78/0.792 


21.78/0.792 


21.78/0,702 


40. 41/1. 443 


23. 47/0. 638 

Prubos l.. IMItr 

It 

O.'o/I 

0. 00/0.000 

0/0/1 

0.00/0.000 

0/0/1 

0.00/0.000 

0/0/1 

0. 00/0. 000 

0/0/1 

0.00/0,000 

S. I 1 . Ittrn 

11 

0/0/3 

0.00/0.000 

0/0/3 

O.IW/O.OOO 

0/0/3 

0.00/0.000 

0/0/3 

0. 00/0. 000 

0/0/3 

0,00/0,000 

Ck.O. Pur-tVlM 

f 

0-V I 

0. 00/0. 000 

0/0 '1 

0 00/0.000 

0/0/1 

0.00/0.000 

0/0/1 

O.OO'O TOO 

0/0/1 

0.00/0.000 

Ck.O. I'ar-s , i, 

1 

P/0/1 

0. 00/0.000 

tj/o/l 

00/0.000 

0/0 '1 

0.00/0.000 

0/0/1 

0. 00/0. 000 

0/0/1 

0. 00/0. 000 

Inhibit 

It 

i/0'O 

0. 13/0.015 

3/0/ ' 

.32/0.01 i 

3/0/1 

0.32/0.011 

0/0/4 

0.00/0.000 

0/0/4 

0.00/0.000 

Subtotal 



0. 13'O.OJft 


.32/0.011 


0.32/0.011 


0. 00/0. ooo 


0. 90/0.000 


H 

tl '2 '0 

ll. 00/0. 000 

0/2 -0 

.00/0,000 

0/2/0 

0.00/0.000 

0/2/0 

0.00/0.000 

2/0/0 

9. 80/0.3S0 

Bui 1 imit< i 

It 

0 ' a 'O 

»>. 76/0, 025 

0/5/0 

0. 70 '0.025 

0'5/0 

0.70/0,025 

0/5/0 

0. 70/0, 023 

0/5/0 

0.70/0.025 

1 nrier/Oter Sw. 

It 

1/0-0 

0. 3ti/0. 013 

i/o/o 

O.3H/0.013 

l/o/o 

0.35/0.013 

1/0/0 

0, 96/0.013 

1/0/0 

0.36/0.013 

t urrent senior 

It 

3/0/0 

0. 28 '0.010 

3/0/0 

0.28/''. fllO 

3/0/0 

0.28/8.010 

3/0/0 

0.23/0.010 

3/0/0 

0.28/0.010 

IM r InU rfat < 

11 

1 -l>'l) 

0. 19/0.007 

1/0/0 

0. 19/0.007 

1/0 '0 

0. 19/0. 00 ' 

l/o/o 

0.20/0.007 

1/0/0 

0.20/0.007 

M.itt Ut«t*hi:, 

II 

11/2 -'0 

1. '•! 055 

2 'O /U 

l. 65/0. 060 

2/0/0 

1. 51/0.055 

0/2/0 

1. 40/0. 050 

0/2/0 

1.40/0.050 

subtotal 



3.111/0. 113 


3. im'o. u:> 


3.04/0. 110 


2. 94/0. 193 


12. 74/0. 453 

DHti ibuiion ton 



3. 17 


5. 17 ' 


2.47' 


2.93' 


4.48/ 




1 50. 03 335 


V0. 06/5. 331. 


107. 16/3.806 


129. 23/4, 50* 


186. 92/6. 772 


It 

n 'o/i 

0. 00/0, 000 

0/0/1 

<1.00/0.000 

0/0/1 

0.00/ J. 000 

0/0/1 

0. 00/0.000 

1/0/0 

SC. 00/1.071 

1 ot.il S l I ii.uU 



150.03 '5.335 


156.06/5.330 


106. 1 8/7, 806 


129.13/4.306 


190.92/6.893 

Solar Paecl "owrr 



1 19. 13/4.332 


73. 00/2. 780 


75.90/2.780 


143.39/9. 193 


238.08/0.431 

Solar Panel Conti ngeney 



0.000 


/o.ooo 


/o.ooo 


/0. 887 


/I. *38 

Balt rv Amp* I . nod 



/1.003 


/Z. 578 


n. 048 


0.000 


/O.OOO 

Battery Ampere* IUmjv 1 red 



1.012 Ampr* 


5. J5? Amprn 


2.092 Ampr* 


0.000 Arnprs 


0.000 Ansprs 

Battery ISsoharge Depth 



20. 7 ly reenl 


31.3 IVrcenl 


13, 9 Percent 


0.0 Percent 


0.0 IVreent 


» 


(0 O 

5 8 . 

S? 
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TABLE 4. S. 4. 4-1 

BUS BATTERY CHARGE MANAGEMENT 


Mission 

Phase 


Recommended 
Charge Rate 


Recommended Start Time for Q 
Recommended Charge Rate 


Comments 


Cruise 


Pre-LP 

Release 


Pre-LP 


Low 


High 


Low 


Release 

Reorienta- 

tion 


Continuous 


Approximately 2 days before 
L. P. release; charge at high 
rate until roll-over. 


Approximately 2 days before 
reorientation for L. P. 
release. 


Command to low rate 
during pre-launch. 


Approximately 2 hours 
this maximizes capa- 
city for pyro firings. 


Go back to low rate 
charge at least one 
day before reorienta- 
tion to minimize star 
sensor temperature. 


Post-LP 


High 


Release 


Approximate ’v 2 days before 
S. P. relea. charge at high 
rate until roll-over. 


Approximately 2 hours; 
fills maximizes capa- 
city for pyro firings. 


Pre-SP 

Release 


Low 


Post-SP 

Release 


High 


| Pre-Bus 
I Target 

i Reorienta- 
tion 


Low 


Approximately 2 days before 


Go back to low rate 


reorientation for S. P. release. 


charge at least one day 
before reorientation to 
minimize star sensor 
temperature. 


After Post-S. P. release 
attitude achieved; charge at 
high rate until roll -over. 


immediately after roll -over 
above. 


Batteries may be- 
ne eded for Bus Target- 
ing if sun angle <25°. 


Stay in low rate charge 
for balance of mission. 



*1.3-136 



TABLE 4. 8. 8, 3-1 


PROBE CHECKOUT SEQUENCE 
1. BUS PREPARATION (REPR 
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w 
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TABLE 4. 3. 5. 3-1 (Continued) 


STEP Nl'MBfcH 


COMMAND 

MNEMONIC 


COMMAND TITLE OR EVENT 


1-4 


AM PI ft or 
AMPAB 


Power Amplifier 1 ON 


l-S 


AMP3S or 


Power Amplifier 3 ON. 


AM PCS 


1 -ftA 




MIJI21 or 
MIHB1 




Pro bee High Mod Index Select 


l-BB 


M 1 1-2 1 or 
MII.B1 


Probee low Mod Index Select 



TELEMETRY VERIFICATION 

TLM MNEMONIC 

TLM TITLE 


r.wwnllnk re- 
tppetti at 1 /2 of 
original eignal 
atrength. Tele- 
metiy reaumee If 
efgnal atrength le 
■ufflolant for 
raaoqulaltlon. 


RAMP1W 

RF Power Output 1 > 10W. 

PUDfllJ 

Spacecraft loada Current, A • *1.8A. 

Pl.IMTI 

Bua Voltage Limiter Current, A • -1.6A, 


Downlink eignal 
atrength Inoreaaea 
by ft dB. 


HAMP3W 

RF Power Output 3 • 10W. 

PBU8I.I 

Spacecraft Ioeda Current, A> *I.6A. 

Pl.IMTI 

Bue Voltage Limiter Current, A • -I.6A. 


N/A 

None 








% 5 m 

I Rif 



* 


iUl 


ok 



N/A 


None 



























TABLE 4.3. 5. 3-1 (Continued) 


■TEP NI MBER 

COMMAND 

MNEMONIC 

COMMAND TITLE ON EVENT 

1-7 

TPCQI or 
TPCQA 

TP Control) 

a) Bun Engineering Format Hal 
(Not required If already in t! 
format). 



b) 19 bp# Meet, 

1-H 

PCO!» or 
PCOA9 

Probee oheokout power ON. 





u» 

I 


U i 
* 


TBUCMXTItT VERIFICATION 


TUI MNEMONIC 

TLM TITLE 

Internal Word t 

Format Designation 


















on- 













TABLE 4.3.5.3-1 (Continued) 


8TEP NUMBER 


COMMAND 

MNEMONIC 


COMMAND TITLE OR EVENT 


2A-2 


(Continued) 


Ul 

I 


TELEMETRY VERIFICATION 


TLM MNEMONIC 


ecpnde I 


oommand 


■Ignol hea tailed 
m poeelble. Foil 
oeed tar 1080 m 
leeued but for th^ 
TIV aotlvete la 1 
ately, thla 
hee about a one* 
before the one m! 
To aafely checkout 
devlae a abort ae |i 
turna on the C/Di i 
relay and the LO< 
verified, 
tt may be uaeful 
oontrol of the mei 
determined time 
fa! la. 




sthi 


NOTE (3)> The 
menoe the storing 
memory will 
the Stored Data 
When a Stored 
Memory, the dauj 
but it'a laat bit 
prevloualy atored| 
minor frame ri 
The Probe Data 
worda In any of tl 
irreapeotive of wl 
Stored Data On od 
out of the memory 
memory 


TLM TITLE 


|md the C/DU muat be turned off aa quickly 
the email probee, the sequenoe may pro* 
before an Irreverelble command la 
large probe, an Irreverelble oommand LOC 
lued 8. 78 aeoonda after turn-on. Fortun- 
Inltlatea a thermally actuated event whloh 
nuts delay time. If the unit la turned off 
tyiute elapeea, no damage will have ooourred. 1 
the large probe, it will be neoeeaary to 
luenoe to load into the oommand memory that 
and turna off the aotenoe power primary 
Instrument until a probe suboarrler oan be 

operate both large and email probes under 

r »ry and have the C/DU tuned off at a pre- 
thare la no auboarrter and/or the uplink 


frobe Data Memory will automatically oom- 
of data upon CDU power turn ON. The 
a oontaln the six minor frames preceding 
oommand. 

Off oommand la sent to the Probe Data 
word being atored at the time will have all 
red. That partieular bit position will be old 
data. Therefore, the 64th word of the sixth 
ut of the Probe Data Memory will be Inerrof 
Memory responds to the Memory Readout 
minor frame formats that have auoh worda 
lather the Probe Data Memory is In the 
Stored Data Off mode, All data words read- 
are recirculated into the start of the 
(Continued) 



s 

2 


o 

0 
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TABI.K 4. 3. 5. 3-1 (Continued) 


ST KB NUMBER 


COMMAND 

MNEMONIC 


COMMAND TITLE OR EVENT 


2A-2 

(Continued) 


2H 


rfmall Probe X. X - 1, 2, 3. 


211- 1 


Sequence resulting In upper descent 
format and 64 bps (Seo Section 5.2.2 
for alternate formats and/or data rate) 

Verify probe shelf temperatures are 


above minimum operating limit of -4°1 


211-2 


SOUXO 


SB X C/I) B and BE Bower Belay ON. 


The NcAes In Step 2A-2 apply for the 
8mall Probes, here, as well. 


TELEMETRY VERIFICATION 

























TABLE 4.3. 6. 3-1 (Continued) 


3, 


STEP 

NUMBER 


3A 


3A-1 


3A-2 


3A-3 


COMMAND 

MNEMONIC 


LRC19 


LRC10 


LRF19 


COMMAND TITLE OR E V 


Large Probe 


Reeelver ON 


Receiver OFF. 


RF Power Relay ON. 


W 

I 


Ui 


onal Checkout (Repreientative) 


ENT 

,... r 

TELEMETRY VERIFICATION 

TLM 

MNEMONIC 

TLM TITLE 





PLRCV8 

Receiver ON/OFF - 1 

RLVCOT 



Receiver VCO Temp. (Settle# at 
TBD°F) 

1 


RLSPEV 

■irrft ri^rs W ]4 J iJ xa& 

PLBUSI 

LP Bua Current. a»4Q,ia 

m i 


PUMTI 

W : . ... 


PLRCVS 


RLVCOT 

Reo elver VCO Tamp. (Settlea at 
TBD° B. 

RLAOCV 

Receiver AGO Voltage - 0. 0, 

RLSPEV 

Receiver Static Ptaaee Error - 0,0 

PLBUSI 

LP Bua Current. A ■ -0. 1A 

PBU8LX 

Soaoeeraft Load# Current. A ■ -0, 1A 

PLIMTI 

Bua Voltage Limiter Current, A 
• +0.1A. 


PLRFRS 

RF Power Relay ON/OFF ■ l 

RLOSCT 

XMTR Aux. OecIUator Temp. Settlea 
at TBD°F). 

PLBUSI 

LP Bue Currents- +0.4A 

PBUSLI 

s/c Lead# Current. A ■ +8.4A. 

PLIMTI 

Bua Voltage Limiter Current,A»-0.4f 


90 

(0 

4 

M- 

« 



0 

9 



























m- 


TABLE 4.3. S. 3-1 (Continued) 


STEP 

NUMBER 

! 

COMMAND 

MNEMONIC 

COMMAND TITLE OR EVENT 

3A-4 

LRF10 

RF Power Relay OFF (UF Power ON duration 
limited to TBD Minutes). 




3A-8 

LSC29 

Science Power Backup Relay ON. (Short Ill- 
Current Transient; not likely detectable). 

3A-6 

I SC 29 

1 — — 

Sclenoe Power Backup Relay OFF. 

3A-7 

LSC19 

Science Power Primary Relay ON. (Perform 
scientific Instrument checkout as reauired). 

3A-8 

L8B10 

Subcarrier OFF. 

3A-9 

LBTU3 

Data Rate 128 bps Select. 

3A-10 

LFM12 

Blackout Format Seleot. 

3A-11 

I.T810 

Stored Data OFF (Stored Data ON by Initial 
conditions). 

3A-12 

LTSI9 

9tored Data Initiate, 

3A-13 

LBR14 

Data Rate 258 bps Select. 

3A-14 

LFM11 

Descent Format Select. 

3A-16 

ISC 10 

Sclenoe Power Primary Relay OFF. 

3A-16 | 

LCD10 

Command/Data Unit Power Relay OFF. 


TLM 

MNEMONIC 


TLM TITLE 
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TABLE 4.3. S. 3-1 (Continued) 


STEP 

NUMBER 

COMMAND 

MNEMONIC 

COMMAND TITLE OH EVENT 

TELEMETRY VERIFICATION 

TLM 

MNEMONIC 

TLM TITLE 

3B 


Small Probe X. X » 1. 2 or 3. 



3B-1 

SOSX9 

3PX Stable Oscillator ; .. 1 11 not already ON 

for 25 day "bakeout" period starting at 
F.-45 daye). 

PXOSCS 

SPX Stable Oscillator ON/OFF - 1. 

PXBUSI 

SPX Bus Current. A- +0.20A, 

PLBUSI 

Soaoecralt Load Current. A- +0. 20 A. 

PLIMTI 

Bus Voltage Limiter Current, A* 
-0.20 A. 

3B-2 

SAMX9 

SPX Power Amplifier ON. 

PXBUSI 

SPX Bus Current. A - +1.64A. 

PLBUSI 

Soececraft Load Current. A - +1.6A 

PLIMTI 

Bus Voltage Limiter Current, A • 
-1.6A. 

3B-3 

SAMX0 

SPX fower Amplifier OFF/Stable Oscillator OFF 
(Amplifier On-Time limited to TBD Minutes). 
(Stable Oscillator must be turned back ON 
if "bakeout" period is in progress) 

PXOSCS 

SPX Stable Oscillator ON/OFF= 0. 

PXBUSI 

SPX Bus Current. A ■ -i ,6A 

PLBUSI 

S cec ec raft Load Current. A » - 1 . 6A. 

PLIMTI 

But Voltage Limiter Current. A ■ 
+1.6A. 

3B-4 

SSCX9 

SPX Science Power Primary Relay ON (Short 
duration hl-ourrent transient; not likely detectable) 
(Perform scientific Instrument oheckout as reo'd). 

PX8P1S 

SPX Science Power Primary Relay 
ON/OFF - 1. 

— 

3B-S 

6FMX2 

SPX Blackout Format 


ID. Format Status - 01, 

3B-6 

r 

8TSX0 

SPX Stored Data OFF (Stored Data ON by Initial 
conditions - There is no access to stored data 
Initiate command). 


ID, Stored Data ON/OFF - 0. 

3B-7 

SFMX1 

SPX Lower Descent Format 


ID. Format Status - 11. 

3B-8 

SBRX1 

SPX Data Rate 16 bps Select. 


ID, Bit Rate Statue - 0. 

3B-9 

■ .1 

SSCX0 

SPX Science Power Primary Relay OFF. 

PXSP1S 

SPX Science Power Primary Relay 
ON/OFF ■ 0, 


9 

< 

S’ 

H- 
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TABLE 4.3. S.3-I (Continue) 


STEP 

NUMBER 

COMMAND 

MNEMONIC 

COMMAND TITLE OR EVENT 

3B-10 

SCDXU 

8PX C/DU and RF Power Relay OFF. 
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4. PROBE RECONFIGURATION 


TABLE 4. 3. 5. 3-1 (Continued) 


STEP 

COMMAND 

MNEMONIC 


TELEMETRY VERIFICATION 

NUMBER 

COMMAND TITLE OR EVENT 

TLM 

MNEMONIC 

TLM TITLE 

4A 


Large Probe 



4A-X 


Turn OFF any active power relays Including; 




LRC10 

Receiver OFF 

PLRCVS 

msmBmmmm i 




RLVCOT 

Receiver VCO Temp. (Settles at 
TBD°F). 




RLAGCV 

Receiver AGC Voltage » 0.0 




RLSPEV 

Receiver Static Phase Error - 0.0. 




PLBUSI 

LP Bob Current. A - -O.LA. 




PBUSLI 

S/C Loads Current. A - -0. 1A. 




PLIMTI 

Bus Voltage Limiter Current. A • 
+O.IA 


LRF10 

RF Power Relay OFF 

PLRFRS 

RF Power Relav ON/OFF * 0. 




RL06CT 

Xmtr Aux. Gao. Temp (Settles at 
TBD°F). 




PLBUSI 

LP Bus Current. A - -6.4A. 




PBUSLI 

S/C Loads Current. A » -6.4A. 




PLIMTI 

Bus Voltage limiter Currant. A - 
+8.4A. 


LSC20 

Science Power Backup Relay OFF 

PLSP2S 

Science Power Backup Relay ON/ 
OFF - 0. 


LSC10 

Science Power Primary Relay OFF 

PtSPIS 

Science Power Primary Relay ON/ 
OFF - 0. 



Orig- Issue Date 
Bevision Ho- _ 
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TABLE 4. 3. 5. 3-1 (Continued) 


.STEP 

NUMBER 

COMMAND 

MNEMONIC 

COMMAND TITLE OR EVENT 

4A-2 

LCD10 

Command/Data Unit Power Relay OFF 

4B 


Small Probe X 

4B-1 


Turn OFF any active power relays Including: 

SAMX0 

SPX Power Amplifier OFF/Stable Oscillator OFF. 
(Stable Oscillator must turned back ON If 
"bakeout” oeriod •« in progress). 

SSCX0 

SPX Solence Power Primary Relay OFF. 


4B-2 


SCDX0 


SPX C/DU and RF Power Relay OFF, 



tioa Mo 
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$. POST-CHECKOUT RETURN TO INITIAL CONDITIONS 

TABLE 4. 3. 5. 3-1 (Continued) 


STEP 

COMMAND 

MNEMONIC 


TELEMETRY VERIFICATION 

NUMBER 

COMMAND TITLE OR EVENT 

TLM 

MNEMONIC 

TLM TITLE 

5-1 

PCO10 or 
PCQAU 

Probe Checkout Power OFF {Delete this com - 
mand If Small Probes' Stable Oscillators 
"bakeout" period is in progress). 

PCHEKS 

Probe Checkout Power ON/OFF - 9. 

5-2 

AMPlO or 
AMPA0 

Power Amplifiers 1 and 2 OFF. 




AMP30 or 
AM PCS 

Pcwer Amplifiers 3 and 4 OFF 
(No RF power at switch contacts during switching) 

Loss of down- 
link. 


5-3 

ANTIi or 
ANTAI 

Low Pov.er to Fwd Omul Select. 

No downlink. 


5-4 

AMP11 or 
AMPA1 

Amp! ' ler 1 to Low Power Select. 

No downlink. 


5-5 

AMP1S or 
AMPA9 

Power Amplifier 1 ON. 

Downlink signal 
reappears at 
low power mode 
level. 





RAMP1W 

RF Power Output 1 * 10 W. 




PBUSLI 

S/C Loads Current. A ■ +1.5A. 




PUMTI 

Bus Volt. Llm. Current. A - -1. 5A. 

5-G 

TPCQ1 or 

TP Contra?! 




TPCQA 

a) Select Initial format - No action if Bus 
Engineerlnf . ormat. 

Internal Words 

Format Designation. 

1 


b) 8 bps Select. 

Internal Word 3 

Data Rate Designation. 


4 

tr 

S' 

» 


Section lo. >.3.5.3 
Doc- >o. _ , C«»403 

Orig. Issue Date 5/22778 
Revision Mo. _______ 




ISl- 


■p 

I 

U) 



of Spin Axis 


w 

0 

4 

n 

o' 

D 


o 


< 

M 

O 

a 


Section «o. 0.3.SJ 

Doc. «o. 

Ong. Issue Date 5/22/7$ 










Section Vo. 4 .3.5.3 

Doc. Vo. PC-»03 

Orig. Issoe Date 5/22/78 
Revision Vo. 


Revision 


NORTH 

ECLIPTIC 



? 

M 

s 


0 

SUN 



CELESTIAL 

CELESTIAL 


lat;tude. 

LONGITUDE. 

VECTOR 

DEG 

DEG 

sun line 

* 1.8 

244 

INITIAL SPACECRAFT ATTITUDE 

♦15.0 

195 

NOMINAL SPACECRAFT ATTITUDE 
AFTER MANEUVER 

- 15.8 

234.5 


FIGURE 4.3.1 .4.2-2. ATTITUDE GEOMETRY FOR SMALL PROBE RELEASE REORIENTATION 


% -3-153 




nsi- 


U> 


hOMHAL Jtr ooffrmtL 

MAHrOVS* MOOC 


trrtcr 


fur.fr c«p*m 
cottr*t*urors 



*t*uLT(f$* muur mam) 


mtt 

H*«0 ( ft- 

KtS 

ll if 
•|BL 




EH 


J€T SA *4 

AT %*t*/ 

>U cjivcy 

• 

JCT% , 

WtlCO AT »*✓ 
fACOt'tvtf' 


J *vr* ao I 
I Mftfrou earner 3] 


[ COOfLtO 1 

#*// C** *ef\ 

H rrrcfss/OH I 

u*cr*TAi Hrr j 


I court to | _ 
| wa&al A*y ’ 


conn, id 

AXIAL AH 


r,», tj,v, sv*a ’ loncn, 
HMH AAtM(D’U»T), I 
INI ATI A A AT IO (V) 


V mm a non <r), , 
* A! * '*) 


| AAKtMOn* TLLA-1. ££% 

l > '** */* (Ax NO OA AXIAL 

I NUTATION x A TAT StT* tllUD) 

tj t*.-nn/(r 7)Aj 


f tfuiAl' 


-£T OUT) ,av a , iaC o rum) 


THA i/*T f*iSAU9H*tHT 
T**VSTt* 4l\ 

f*‘nCif*4i A*'* rar f 


a? ft A*t/i l1,(t *)r/ 


AV SJjAJx 

I (k'tto or AjuAi Jtrs 


Th*U.\T MAtirt* TJ£H 

Jtr *At»U3 
sr/fi iiftrtA 
j/w &r/t f> 

Put at pham ahou 

3J* Pt'tff 

jf c**CU(T 

th*i *r e»nf*o*p 


If 

M 

*b 

**>i\ 

6a 

60 

6U 


t 7 ^ ^t%;^ r ™i¥' vy>'*' 

KfJJ*. - A00(U. f%, AX.it, +H*UI-AA*-%) 
our or PLAHt PffCfAlO# 




TufvS f m/ 3 *L 'UMMthr # 

rnra i u 1 m>sai tO^Mtur in H ar KAPiAL 
HtiNCU'AL At 1 3 TILT r | \ 




LIL J. * ‘"fH *tt(l,l%r) (moHO OffttAL I 
M ^4 nrarmn) | 


MAX*! tJdi ~ 17 [ RWijjaJ. tufL'.Lf) (t jtr) j oV x Ufj (t nn) 

\jir TIMING ClACV/ T Mp iV AttAl ' <+' * 


FIGURE 4.3.1. 4.2.31. PRECESSION MANEUVER ALGORITHMS 






FUEL WEIGHT PENALTY INCURRED 8Y VECTOR MODE. POUNDS 


LR 

U1 



FIGURE 4. 3. 1,6. 1-1. FUEL WEIGHT PENALTY INCURRED BY USE OF VECTOR MODE 



1 

e 

ST 

H* 


Section lo. ».3»5.3 

Doc. *o. PC-403 

Orig. Issue Date 5/22/* 



20 40 SO 80 100 120 140 ISO 180 

0 - ANGLE BETWEEN SPIN AXIS AND HEQUIHED AV OIHECTION, OEOBEES 

FIGURE 4.3. 1.5, 1 '2. FUEL WEIGHT PENALTY INCURRED BY USE OF VECTOR MODE 






Z.SI 


4S 

t 

Ul 

» 



FIGURE 4.3.1. 8.2.21. AXIAL AV MANEUVER ALGORITHMS 


4 

S' 

0 

9 



O 


H° 
St I 
» 

01 


s? 

I* 




s 

o 

f 

Ir 




fc. 


b 










8Sl-£* tr 


jwreoMrmoL 


jwrj ift rusrr 
•] cxnu rANSOunr ■. 
\ap jptN rttouSNcr I 


jwts J potarr 
**mn. ) ancou s l y J 
U ra*N motMHct 


WITH NO 
fttOt CCt/tCCC 


COOPLtO CNN 
CMAN9P 


COl/PLtO 

PKMcraaion 


purer /oh 
UNC fftTAINT y I 

couPtro I 
nuta non 


PAtMAL 40 
L*c/tf«4*rr 


eotjm.ro I 

AXIAL AV\ 


nor si 

?/ • % pop irrrj i ft. 

% • */ *r« *44 


rmr mnx 

coHTmav*oA% 


p, HAM/M), Out A TtOH(T) t 
SOPH AHGkt {O'tJkT), 
mtorrrt rtc r ah* it (%) 


tsrex r (ps* polos mtpj 

* w* 


M M O O M 

3 3 0.8 8 

w 

& Sh? 8 
» ■ a • „ 

si|F 

• 08 , 

i Sit 


V 4«X, 

vv /X 


TMtVS r MA*Nt root 

THtOS T ft LOCATION 
PATHOS 

Tutor r Mi SAL t*NM*HT 


rotor rtt MOM t MT At or 

i,*. 

*■*> 

Bunn Anna 

- 1 


— i 



*, »/ . mrctaatoH. fLIcot% (-t..iKo3fy*AHH l ) 


K\ Z 


RACIAL AV AMO >p* n UPlMANIWVIM 


ANCLt 

• 

rotor rtt m/CAl jommpn r 


TMtOS T MfSAUCNMtMT 


rxHClPAt At/* TUT 

r 

Tntorrrt axial location 

/* 

TMtvrr ma*h trust 

tr 

* 40/10 

St 

T* tout* MLaMSNT ASM 

L,t, 

0 ,*t 


» g — *„f„eos% •jMbt,tra>s%tqjjS(i-*t ap/*»v>)J 

i««j rAftii.L t rA/tni,Lrnutn/,4L,n t 

xsm/I -rAH*/ jf, naiMj . r»n% if j 


rotor r naon trust 

Sp 

1 OtltHT 

JO 

Jtr TlMINC CttCU/T 

40 

fPfN SPttS 

iOg 

rotor r rt m/saucnmSnt 

N 

TMtOS TCP LOCATION 

V 

THtor 7 M/SAUCNMCNr 

4 

CNN A+rfD 

/k|| 

POLTt PHASM AN*Lf 


sun pulci 

4<L 

jtr rut in* citco/ r 

SO 

rotor r ctNTmoto 

tie 


“'~’*A0t4l' 

tV 4 AUAi. 


&‘(nk» *)*•' 0puun V 


r r*ANMvSASS 

\V 

SAtPAL 


• *rr(ifi,t,6* t f/g t mt*£t €j *PUL*rs f f4J t ) 


rotor r mash/ ruts if 

7 MS VS T Ml SAL )*NMtNT 4 ' ' " ■ ■ - ■■ 

TMtOSTMt MtCAL tCNMSN T 4*1 S^K * ) 

•*>•»* t * - .«sj/£f , £# , it?, is. . *. JL , w/W. It i 

M iV . ' T w rxHli’ HW»/' ' 

PttHOAAt Anti TUT V AXJAL 

INITIAL POTATION 

about x Arts X 


FIGURE 4.3. 1.6. 2. 2*2. RADIAL AV MANEUVER ALGORITHMS 











AV MAGNITUDE ERROR, PERCENT 



Section No. 4 .3 .5.3 

Doc. No. PC-403 

Orig- Issue Date 5/22/78 


AV DIRECTIONAL ERROR, DEGREES 


Ul 

I 

mt 

Or 

© 



THETA, DEGREES 

9 - ANGLE BETWEEN SPIN AXIS AND REQUIRED AV DIRECTION 


M 0OOH 

$ S &88 

S H**© t r* 
W • 

5* S*m5S 


88 


w 

» 

<o 


B 


V* 

it 

3 ll 


o 


a 


E 


FIGURE 4.3.1.5.2.2-3B. AV NOMINAL EXPECTED ERRORS IN DIRECTION 



191 - 


c 


u> 



Radial iv **io<&pin up 


FIGURE 4.3.1. 6.2.2-1. SPIN CHANGE MANEUVER ALGORITHMS 
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ATTITUDE SENSOR CONFIGURATION 

• REDUNDANT DUAL SulT SUN SENSORS 

• SINGLE OUAL SLIT STAR SENSOR, INDEPENDENT 
ELECTRONIC ASSEMBLIES 


DIRECTION OF SPIN 


SUN PATH— — + • — ♦ 



ELEVATION 

* 


• TIME INTERVALS BETWEEN SUN AND STAR 
PULSES DEFINE ROLL RATE, ASPECT 
ANGLES. AND SPIN ANGLES 

DATA TYPES 

. PRIMARY: Iplp^, \p\p' (I). II) 

• SECONDARY: \p' (I). Ip' (I)' 1 /* <|). 

J/j* til. V (I) 


I 

Ip PULSE H i 

I 



► 

AZIMUTH 


t* 


5 

i- 


MOPH 

SIUS 

t8 * _ P* 

S’ H O § 

a 

5 


Si ? 


o 

0 

*♦ 

» 


8 


\ /* 

a 

k> 




NOTE: MEASURES SUN ASPECT ANGLE 7 

AT 1 ME ASURE8 SUN-STAR ROLL ANGLE A, 
*T 2 MEASURES STAR ASPECT ANGLE. X., 
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5.0 PBQBBS DESCBIPTIOIS 

functional and Operational descriptions of the Large 
Probe and Snail Probe * as sell as detailed perfornance 
in normal operating nodes and backup nodes* are 
presented ahead. 

5.1 LABGB PKOBB DBSCBlPTKM 

The Large Probe is designed to enter and snreiee the 
fenas atmosphere and teleneter scientific Inf or nation 
nntil inpact with the Venus serf ace. It is attached 
to the Bnltiprohe Bos nntil nominally 24 days before 
entry into the fenos at nosphere at which tine the 
probe is separated. Proa coaaanded separation until 
end of mission* the Large Probe is controlled by its 
internal coast tiner* entry sequence prograaner (ESP} 
and events sensed by an acceleration switch and a 
thermal switch, i description of the Large Probe 
system* operation* and mission is given in sections 
5.1.1* 5.1.2* and 5.1.3* respectively. 

5.1.1 Larae Probe System Description. The Large Probe 
external configuration is shown in Figures 5.1.1- 
1* *2* and -3. figure 5. 1.1-1 depicts an 
external exploded view of the three separable 
parts including the pressure vessel nodule, 
deceleration nodule* and aft cover. All 
scientific iastrunents axe contained within the 
pressure vessel nodule. Figure 5. 1.1-2 indicates 
the dimensions of the assembled probe and 
separated pressure vessel nodule. The assembled 
probe is contained within a 56 inch diameter by 
36.9 inch high envelope. The pressure vessel has 
an envelope diaaeter of 38.5 inches and height of 

33.1 inches, figure 5.1 .1-3 presen tr a cutaway 
view of the Largs Probe and identifies the 
significant features. 
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TABLE S. 1.1-1 

LARGE PROBE SCIENTIFIC IISTBBBEIT SDRRARI 


lame of Instrument 

Reference 

Designator 

Function 

Comparative Atmosphere 
Structure 

ARC /LAS 

Pressure, Temperature and 
Acceleration 

■epheloeeter 

1 

ARC /LI 

Cloud Particulate Density 
Distribution 

j Cloud Particle Size 
; Spectrometer 

PBS /L CPS 

Size# Independent of 
Optical Refraction 

| Infrared Radiometer 

i 

1 

ARC /LIE 

Differences in Upward 
and Downward Radiation 

lent cal Bass 
{Spectrometer 

t 

1 

DTD/LBBS 

1 

Beasurenent of Bon- i 

corrosive gases; 
Identification oi Active ! 
Constituents ! 

Gas Chromatograph 

i 

ARC/LGC 

, 

H 2 O# COS# Ar# CO, l2» &2 • 
S# SO 2 # RC1, 02 and Kr 
relative abundances 

Solar Flux 
{Radiometer 

Ariz/LSFR 

i 

1 

Solar Energy Deposition 
as Function of Depth 



The Large Probe contains seven scientific 
instruments to provide in situ aeasureaent of the 
structure and composition of the Venus atmosphere 
and clouds. The function of each instrument is 
summarized in Table 5. 1.1-1. Significant 
instrument accommodation features include three 
sampling inlets and four heated windows. A 
pressure vessel protects the instruments and the 
associated engineering support subsystems during 
descent to t*ie planet's surface. The titanium 
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pressure sWll uiataiu u internal ataosphere 
of nitrogen at a press are iroa 8 to 30 psia. 

(Lo« theraal coadactlve Xenon is not used doe to 
interference with tbe scientific instroaent s.) 
Inst run eats and engineering on its are supported 
by two berylliaa shelves atick also provide a 
beat sink daring descent. Internal coaponeats 
are thermally protected free the outside 
teaperature by a Kapton Baltilayer blanket. 

i deceleration nod ole insalates the payload 
daring atmospheric entry and provides 
deceleration to sabsoaic condition prior to 
parachate deployment at 67 KB (Kilometers) 
altitude, k 56 inch diameter* 85 degree* blent 
cone aerosbell sap ports a carbon phenolic 
heatshield which ablates daring entry to provide 
thernal protection, k fiberglass honeycomb aft 
cover sarfaced with £SH and a teflon BP 
transparent flat section provides thernal 
protection of the aft hemisphere daring entry, k 
16 m2 foot dianeter (Do) dacron conical ribbon 
parachate supports the payload daring descent 
froa 67 to 17 U altitude. Spin vanes aroond the 
pressure vessel nodule provide positive spin (>1 
RPR) daring descent. Pinal descent to the 
surface is free fall with aerodynaaic stability 
provided by a forward aerofairing* a conical 
skirt* and sectional drag plates. 
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I configuration history of the Large Probe xs 
depicted in Figure 2.1. 1.2-1. As shoes, a quick 
transition begins about 37 seconds after entry 
when the parachute deployaent sequence is began. 
Prior to this tine the pressure vessel is 
encapsulated by the Deceleration Hodule. The 
parachute deployaent sequence includes aortar 
fire, pilot chute deployaent, and aaia chute 
deploy neat . The parachute pulls the pressure 
vessel nodule out of the Deceleration Hodule. 
Finally, about 18 ainutes after entry the 
parachute is jettisoned and the pressure vessel 
begins free fall descent to the surface. 

Prior to probe separation, power is provided fron 
the Bus spacecraft solar panel. Pouer is 
supplied after probe separation (E-24 days) by a 
*0 asp-hour silver zinc battery vhich has a 
useful capacity (to BOX DOD) at probe separation 
of 22.38 anp hours. The bus voltage is expected 
to be aaintained vithin 26.2 and 28.2 vdc (25.2 
and 30.8 vdc spec) daring entry and descent 
operation. Initial connection of internal 
battery poser is achieved by coanand fron the Bus 
to a redundant pair of aagaetic latching relays. 
On/Off control of renaining spacecraft loads is 
provided by additional relays. Overload 
protection is provided by parallel fuses. 

A power load profile is given xn Figure 5. 1.1-4. 
The total load including all engineering units 
and scientific instruments is xllustrated fron 
Bus separation until inpact. 

Prior to probe separation, downlink 
connuni cations is by hardwire telenetry of the 
probe data subcarrier to the Bus. Downlink 
conn unicat ions during probe entry and descent is 
prowided by four solxd state power anplifiers 
each rated at 10 watts RF and a crossed dipole 
anteana. A tiniana RIRP of 35 dBu/ste radian is 
provided over conaunxcntion angles (fron the -Z 
axis) or 40 to 60 degrees. A transponder 
accoaao dates two way Doppler tracking and 
provides a coheren t frequency reference for the 
downlink. 
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Yeo data rates (128 or 256 bps) are trananitted 
in a convolution ally encoded PCB/PSk/PB format. 
Forty -nine unique data channels (23 for science; 
26 for housekeeping) are fornatted in two major 
frame formats (Descent and Blackout) each 
containing 16 ninor frames. Bach minor frame 
consists of sixty- four 8 bit words. There is a 
unique 64 word Bubcosuutated format associated 
with each major frame format. Seven data 
channels (2 of which are also transmitted xn the 
probe telemetry stream) are separately hardwired 
to the Bas telemetry stream, including one serial 
digital channel which requires three wires (data, 
read envelope, read clock) . k 3072 bit solid 
state memory is used to store data during entry 
blackout. 

Prior to probe separation the internal sequence 
is inhibited by a hardwire across the 170. 

During this time, control of the probe is through 
5 hardwire lines from thv Bus (three of which, 
data, envelope and clock, accoumodate a 
quantitative command to set the coast timeout 
duration) and one command output nodule which 
decodes and routes 43 couaaud functions fros the 
Bus. 

hfter probe separation, the probe is controlled 
by coast tiaer, BSP, and acceleration switch and 
has no provision for reception of ground 
co an and s. Fifty-three internal command functions 
are utilised; 128 executions are implemented in 
eight sequences of 16 commands each. The 
sequence is permanently programmed into the BSP 
PBQBs prior to unit assembly. The sequences 
cannot be changed by command or other means 
subsequent to fabrication of the C/DU. The BSP 
is initiated by timeout of the coast tiaer (or by 
acceleration switch as a back-up) . actuation and 
reset of the acceleration switch and actuation of 
the thermal switch initiates particular 
sequeuces. Bn try and descent command timing is 
controlled by an internal liner. 

The probe is electrically separated froa the Bus 
by command from the Bus of a pyrotechnic in- 
flight disconnect (IFD) . Bechanical separation 
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of tbs probe from eke Bus is achieved bj 
siaultaneous connand fro a the Bus of three 
pyrotechnic separation devices. Seven 
pyrotechnic functions configure the probe daring 
entry and descent; they cannot be exercised vbile 
oa the Bos unless the probe is on internal 
battery power and the IFD is separated . The 
firing con Bands are originated by the C/DU. 

These functions include pressurized gas release, 
pilot chute aortar fire, aft cover release, 
pressure vessel/aero shell electrical and 
nechanical separation, LIBS Br eat off cap 
separation, and parachute jettison. 

After probe separation, the probe is controlled 
by an internal sequencer and has no provision for 
reception of ground coaaands. Forty-six internal 
coanand functions are utilized; 128 executions 
axe iaplenented in eight sequences of 16 coaaands 
each. The sequencer is initiated by tiaeont of 
the coast tiaer. Additional external stinuli 
which initiate particular sequences include 
actuation and reset of the deceleration switch 
and actuation of the temperature switch. 2ntry 
and descent coaaand tiaing is controlled by an 
internal tiaer. Prior to probe separation the 
internal sequence is inhibited by a hardwire line 
across the ifd . During this tine control of the 
probes is through five hardwire lines froa the 
Bus (three of which accoaaodate a quantitative 
coaaand to set the coast timeout duration) and 
one com and output nodule which decodes and 
routes 43 connand functions frou the Bus. 

The location of units on the forward and aft 
shelves are shown in Figures 5.1. 1-5 through 
5. 1.1-8. The figures depict forward and aft 
views of each shelf. The forward looking view of 
the aft side of the aft shelf denonstrates the 
colocation of the conn unicat ions subsystem in 
this area. The aid bay, including the forward 
side of the aft shelf and aft side of the forward 
shelf, is shown to consist prinarily of 
scientific i ns tr man tat ion . The regaining 
forward side of the forward shelf is doainated by 
the probe battery. 
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Large Probe Operation . There is no external 
control of the probe after it separates fros the 
Bis; the operational characteristics prior to 
separation are emphasized in this section. 

^obe^is^separated^f roa^the* Bos there is no 
external coaaand capability, in addition, there 
is no telemetry from the Large Probe throughout 
the 2% day coast period. Probe teleaetry is 
transmitted only daring the final 1*1/2 hours of 
the probe mission Ip re -entry, entry, and 
descent). The expected spacecraft signature 
during this 1*1/2 hour period is included in the 
Large Probe entry and descent sequence. Table 
5. 1.3-1. 

Prior to separation, operation of the Large Probe 
consists of periodic turn-on to checkout 
instrument and subsysten operation . Checkout 
liaitations are described in section 5.1 .2.1 .2. 
The capabilities and limitations of the 
activities required for separation of the probe 
from the bus are discussed beloa and in section 
A. 1.3.2. 

5.1 .2.1.1 Except for brief periods 

of probe checkout discussed below in 5. 1.2. 1.2 
the probe operations capability during 
interplanetary cruise is limited to application 
of power to shelf heaters and monitoring the 
shelf and battery temperatures. One heater on 
each shelf (the forward shelf heater contains two 
separate elements) is provided power from the Bus 
on a separate line from checkout power. These 
heaters are powered on and off by coaaand of a 
relay on the Bas. A separate teleaetry channel 
indicates the temperature of each shelf. This 
teleaetry requires ao external power; it is 
conditioned by the Bus spacecraft anc< is 
awailable cotinuously during the cruise phase. 
The locations of the shelf heaters and 
teaperature sensors are shown in the unit 
installation drawings. Figures 5. 1.1*5 through 
5.1. 1*B. Two temperature sensors are indicated 
on each shelf (SUPM1T and SLFH2T for the Forward 
Shelf; SLAF1T and SLAF2T for the AFT Shelf) . One 
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sensor is on each shelf (SUP1T or SLPR1T) is 
sired to a Bos DIB; the other sensor on each 
shelf is wired to the probe C/DU- The battery 
tenperatnre sensor (PLBATT) is aonnted internally 
in the battery pack and is wired to a BDS DIB. 

5.1. 2. 1.2 Pyobe Checkout . This section discusses the 

operational capabilities and liaitations of probe 
checkout while the prone is attached to the Bus. 
Inst run ent check oat data will also be teleaetered 
by the probe just before entry bat no external 
operational control will be possible at that 
tine. 

5. 1.2. 1.2.1 Tbernal Constraints . Probe checkout cannot be 
iapleaented early in the cruise phase because 

the probe tenperatnre is below the nininna 
operating Unit with the probe shelf heaters on 
continuously. Teaperatures increase as the 
Bnltiprobe gets closer to the sun. It about 
Launch +60 days the aininaa operating teaperature 
|-4°P shelf teaperature, teleaetry channels 
SLAP1T and SLFRIT) is exceeded and probe checkout 
can be iapleaented . Any one or nore scientific 
in st ru uents on the Large Probe nay be operated 
indefinitely during checkout of that probe as 
long as [ SLFS1T £££ SLFW2T PLBATT are all £ 
+85*P} [SLAP IT SLAF2T are both < ♦122»P]. 
Once any linit is reached the egnipnent should be 
turned OFF, and checkout of the Large Probe 
should not be resuned until the teleaetered 
tenperatnre that indicated the liait level has 
decreased by > A 5*F. 

5.1 .2 .1.2. 2 Connands/Telaaetrv . Forty-six coanands are 
available for use daring probe checkout. These 

coanands are described in PC -4 55, Reference 
Paragraph 1.5.1. Of these, 43 are routed through 
the Large Probe COB {Mo. 7) and the rest through 
Bos coil's, the coanands can be generated in real 
tine fron the ground or can be stored ii the bus 
conn and aenory for subsequent execation. 

Diagraas of the operational flow of each coaaand, 
the interactions of coanands, the reguired power 
signals, and the teleaetry verification of 
coanands are given in section 5. 1.2. 3. 
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Fifty -four unique teleaetry channels ate 
available to non it or probe state luring 
checkout. Five are available tiu.jgn Bus DIB a s 
only, 47 through the probe data streae only, and 
2 through both paths. These signals are 
described in PC-454, inference Paragraph 1.5.2 
according to whether they are transaitted in the 
probe data streaa that aodul'tos the probe 
subcarrier or hardwired to the Bus DIB's. 

Further identification is aade in the coaaand and 
teleaetry flow diagraas (Figure 5. 1.2. 2-1). 
heal-tiae teleaetry of the probe data streaa can 
be transaitted at 128 or 256 bpt in either one of 
two data foraats. Teleaetry of the data channels 
vhicb are wired directly into a Bus foraat rather 
than the probe C/DO teleaetry streaa can be 
transaitted at any Bus data rate iron 6 to 2048 
bps as long as the Bus data link nargin is 
adequate. There is no data storage capability on 
the Bus. 

5. 1.2. 1.2. 3 Coaaunicat ? -as . Teleaetry during probe 
checkout utilizes the Bus downlink only. The 

Bus carrier is nodulated with the probe 
sub^arrier and a Bus subcarrier consisting of the 
selected Bus foraat. The output power is either 
10 or 20 watts. I direct probe signal is not 
expected to be detectable on the ground; 
therefore, probe couaunicati^ns subsystem 
operating characteristics cannot be deterained. 
The probe coaaucications subs??taa aay be turned 
on during checkout and the >x .elated current 
dissipation used to indicate <.absystea status. 

5. 1.2. 1.2.4 Power . Probe checkout power is provided froa 
the Bus solar panel and, if required, fron the 

Bus battery. The probe battery is not connected 
until final preparation for separation. Bear 
Barth, low solar intensity and corresponding 
reduced solar panel output limits probe checkout 
capability. However, checkout at this tiae is 
precluded by the therual constraint discussed in 
Paragraph 5. 2. 2. 1.2.1. The thermal constraint 
passed at about L*60 days. At this tine 35 watts 
of solar panel power is available for probe 
checkout, assuaing the full specified 30 vatts of 
Bus science power is simultaneously drawn. If 
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tke Bis scientific iastiHMtc are aot powered 
during probe checkout, a total of 65 watts of 
power is available. Xa addition, energy nay be 
extracted froa the Bas battery to sapport a 
bigber check oat power for a li sited period. Sith 
35 watts, only single iastranents can be powered 
indefinitely for check oat. However, regardless 
of power availability, sinaltaneoas checkout of 
all Large Probe iastranents is thernally United 
as discussed in section 5. 1.2. 1.2. 1- Power 
availability assets there vill be bo power 
supplied to any Snail Probe at the tine of Large 
Probe chackoat. There is only one data line 
available for probe checkout data and external 
noltiplezing froa several probes is not possible. 
There is, therefore, no aeed to pover sore than 
(me probe at a tine. 

the expected load csrreat for each probe unit is 
given in Table The load current 

for each scientific instrument is given la Table 
5. 1.2. 3. 1.3-1. 

5. 1.2.2 Subsystem Operability. Figure 5.1 .2.2-1 

illustrates the flov of externally generated 
coanands vithin the Large Probe. Internal 
conn and generation after probe separation froe 
the Bus is aot considered. The flow of external 
probe coanands through the Bus is not shown in 
detail, i.e. , froe receptioo by the Bus receiver 
through trams a is si on across the IFE and, when 
appropriate, to the probe CO". Pigure 5. 1.2 .2-1 
traces the connand signals frou the hardwire 
inpat or probe COB to tke point of execution, 
ill other signals, connand and fower, are 
indicated vnich are required before the connand 
path is closea. Telenevry points are indicated 
which verify activity along each connand path. 
Additional telenetr g channels are indicated which 
do not refer to the indicated coanands and are 
not directly related to probe checkout. These 
channels are included because they are available 
aurinj caeckout if desired. 
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available through tie hardwired probe telesetry 
stream iron the C/DO . The two types are 
identified in the figure according to the two 
Indicated paths: one directly to a Bos Data Inpwt 
Module (DIB) a crons the in and the other to the 
C/DB in one or both data forsnts. 

5. 1.2. 2.1 C osnand/Dntn Saber stem . The twelve (12) conaands 
possible fro a the Bas to the coan and/data 
swbsysten are traced in Figure 5.1.2 .2-1- is 
indicated* three cosaasds c ose directly f roa the 
IFD and nine fron the proLe COB. The two 

c ons ends to the const tlner are redundantly 
routed through each path. Seven associated 
telesetry channels include one transaitted 
directly and sir transnitted vithia the probe 
telesetry stress* assuming use of the probe 
descent data format. Benory readout (ISO) is 
also indicated. The cease timer commands are 
significant because they are not for probe 
cbechost but are r eg aired to configure the probe 
prior to separation. 

5.1. 2.2.2 Power Snbsvsten . The fourteen cowwaads fron the 
Bws that control the probe power subsystem are 
traced in Figaro 5.1 .2.2-1. is indicated* ten 
c oa n ands cone fron the COB. The resaining four 
conaands control relays or relay drivers on the 
Bas. Fifteen associated telesetry points include 
four transnitted directly and eleven Lransaitted 
within the probe telesetry stress using either 
probe data fornat. The internal power OR conn and 
is significant becanse it is not used for probe 
checkout but is required to enable probe internal 
power prior to separation. The internal power 
switch interface is unique in that the relay 
driver is contained in the Bas P1B an I the driver 
output lines to the relay cross the interface. 

5.1 .2.2.3 gMiMigaUftM SgfrglW- *be probe 

conn uni cations subsystea operates in one node 
only. Therefore* no conaands are required by the 
conn unications subsystea. There are four 
telesetry channels fron the communications 
sabsystea available is the probe teieeetry stream 
to the Ms. These are shown in Figure 5.1 .2.2-1 . 
The communications subsystem can be turned on 
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during checkout by coanand of a power relay 
within the PIO- 

5.1 .2 .2.4 Other Subsystems . Additional operational 

featnies of the large Probe include external 
power and telenetry lines to and froa the probe 
shelf heaters, telenetry fron an internal 
pressure gauge, LIB window teaperatuxe teleaetry, 
and teaperatare telenetry iron ttu deceleration 
nodales. The shelf heaters are coaaanded OB and 
OFF win a switch within the Bus as appropriate 
during the cruise Bias ion. The OB /OFF cob wands 
are roated through redundant Bus COB*s to the Bus 
PXB. The shelf heater coanand, power, and 
teleaetry lines are depicted in Figure 5. 1.2 .2-1. 
Also shown is LIB window teaperature which is 
telenet ered by the C/DO to provide calibration 
intonation. Internal pressure is telemetered by 
the C/DO to indicate integrity of the pressure 
vessel seals. This teleaetry channel is depicted 
in Figure 5- .-2.2-1- Also included in this 
ding ran are four deceleration nodule teaperature 
channels telenet ered by the C/DO to provide an 
indication of heatshieJd performance. 

5. 1.2.3 ftPfeg/PFphe. lMSi&MSBl2-I&l2£lM£2- The 

electrical interface consisting of connands, 
telenetry, power, and tiaing signals, between the 
Large Probe and its seven scientific instrunents, 
is presented in sectior 5. 1.2. 3.1. The 
aechaoical interface between the probe and probe 
instrunents with respect to individual instrunent 
orientation and field of view is presented in 
section 5.1. 2.3.2. 

5. 1.2. 3.1 Electrical Interface . The electrical interface 
between the Large Probe and the probe scientific 
instrunents consists of 21 coanand lines, 23 
telenetry lines, a power distribution bus, and 
tiaing signals. 

5. 1.2. 3. 1.1 AhgLSjflpgls - Table 

5.1 .2 .3 . 1. 1-1 breaks down the 21 coanand and 23 
teleaetry channels available for the scientific 
instrunents fron the probe C/bD. The telenetry 
channels are furtaer identified ns either analog, 
serial digital or bilevel. Also included in the 
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table is i dent it lent ion of tbe tisisq signals 
provided to eecb inst rus e a t. Available timing 
signals in cl ode lead Bn* elope. Bead Clock, Bajot 
Praae Bate, linos Prase Bate, and 2MB Is Clock. 

5.1 .2.3.1 .2 Data fosaats . tbe data fsoa tbe individual 

scientific iastruaeats are formatted into two 
ainos fraae fosaats, each of which iaclades 4 
sabcoaaatated words (see PC-454, Inference: 
Paragraph 1.5.2, for formats definitions) . Tbe 
descent format is transmitted before entry to 
provide instrument check oat date and after entry 
daring traversal of the upper atmosphere to 
provide eeasareeent data fro a each of the seven 
iastrasents. The analog and bilevel channels 
indicated in Table : ' -2 .3. 1.1-1 are 

sabcoaaatated uith & sampling rate of one vord 
every 32 seconds at the large Probe data rate of 
254 bps. Serial digital data are telemetered 
vi thin tbe minor frame at a rate of one saaple (S 
bits) every 2 seconds. The blackout format is 
utilized at 128 bps daring high speed entry 
deceleration. The black oat format iaclades 
ataospheric structure data, Bepheloaeter 
calibration data < and telemetry of deceleration 
module temperature. Sack minor frame word is 
transmitted every a seconds, each smbeomautated 
word is Iran salt ted every 64 seconds, six frames 
of data (24 seconds) are stored daring blackout 
and sabseqoently transmitted in one vord of the 
descent format. One complete data storage 
readout requires 12.80 minutes. The data 
playback autoaatically repeats until and of 
mission. 


5. 1.2 .3. 1.3 Power . Power to the scientific instruments is 
provided f row tbe probe battery via the 
power interface unit. Bach instxuaeat is 
separately fused. In addition, a parallel fuse 
is wired through a second power relay to provide 
a ^one-time* reset capability ia tbe event of a 
primary fase trip. Tbe expected load current of 
each scientific instrument is indicated in Table 
5. 1-2.3. 1.3-1. 

5.1.2.3.2 Mechanical Interface . The location and 

orientation of each instrument on the probe aot. 
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the cleat tield of view provided foe each 
instrument are indicated in Pigure 5.1 .2. 3. 2-1. 

5.1.3 Larue Probe Bn try/ Descent Sequence . The nouinal 

sequence and failure nodes are described ahead. 

5.1 .3.1 Boninal Sequence . After the Large Probe is 

switched via the Bus coaaand link to internal 
power, the coast tineout duration is set and the 
probe coast tiaer is initiated. Separation f rom 
the Bus follows shortly at nominally E-24 days. 
After separation the Large Probe is controlled by 
an internal coast tiuer, event sequence 
prograuaer (BSP) , and specific events sensed by 
an acceleration switch and a theraal switch. 

There is no external coaaand capability after 
electrical separation. 

The coast tiaer provides a pre -tineout signal at 
Entry - 150.5*2 ainutes to turn on the receiver 
and battery heater. At B-22+2 ainutes, the coast 
tiaer reaches the tineout duration which causes 
turn on of the probe coaaand/data unit and turn 
off of the battery heater. The stored coaaand 
sequence listed in Table 5. 1.3-1 is initiated and 
probe BP transmission (carrier only) begins. The 
two ainute uncertainty associated with events 
prior to entry into the Venusian ataosphere is 
largely eliainated by reinitializing event tiaing 
upon actuation of the acceleration switch, which 
signifies the start of aerodynaaic braking. 

Between probe separation froa the Bus and 
initiation of BP transmission, there is no 
capability for determination of probe status. In 
addition, during the next five ainutes, the data 
subcarrier is suppressed to enhance ground 
acquisition of the unmodulated downlink carrier. 
Telenet ry of spacecraft unit data and scientific 
instruaent data is initiated by the sequencer 
after the five ainute period. Bilevel status 
teleaetry; teleaetry of tenperatures, voltages, 
and currents; and BP characteristics indicate the 
status of the probe. Predicted frequencies are 
listed in Table 5. 1.3. 1-1. 
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The probe aission phases after coast tiaer 
tiaeout include: 1) calibration of the scientific 
instruments prior to entry, 2) blackout daring 
entry when all data are stored and the ground 
loses the probe RF signal, 3) upper altitude 
parachute descent, and 4) lower ataosphere free 
fall descent. lapact occurs at approx iaately 
£♦55 ainutes. 

The noainal Large Probe entry location is shown 
in Figure 2. 1.1. 3-1. Entry trajectory para wet ers 
for this entry location are shown in Pigure 
5. 1.3-1. The noainal trajectory is based cm the 
entry conditions and ballistic coefficient 
define in the next paragraph. The noainal 
descer trajectory paraaeters are shown in 
Figures 5. 1.3-2 and 5. 1.3-3, based on the 
parachute deployaent and jettison paraaeters and 
the aerodynaaic properties defined in the next 
paragraph . 

Table 5. 1.3-1 indicates the tiae iron entry of 
each coaaand and the altitude and other 
trajectory paraaeters at r*' 'ificant wiles tones. 
The entry trajectory para- ■ s and tiaing are 
based on a noainal flight . angle of -33.8 
degrees, velocity of 11,600 w/sec at 200 KB 
altitude, and an entry ballistic coefficient of 
38.90 lbs/ft*. The descent trajectory paraaeters 
are Irsed on noainal parachute deployxent at 
£♦37.89 seconds, at an altitude of 67.02 KB; and 
parachute jettison at B+ 1064 .07 seconds, at an 
altitude of 46.94 KB. The tiaing is based on an 
estiaated aaxiaua probe weigut at entry of 690.13 
pounds, weight on the chute of 450.68 pounds, and 
final descent weight o2 433.12 pounds. The 
assuaed aerodynaaic properties include a 
parachute C^k of 108.5 ft 2 and a pressure vessel 
C d A of 4.4 ft 2 . C D k is called the Drag Area or 
Drag Product, where k=Paiachute or pressure 
vessel reference area and C D =the Drag 
Coefficient.) 

The seqaence indicates that the window heaters 
will be on until end of aission. The final 
selection depends on final detersination of probe 
battery nargin. 
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Table 5. 1.3-1 indicates when particular telenetry 
channels will change value to verify that a 
particular sequence event has occurred. In 
addition, characteristics of the received RF 
signal will provide indication of turn on of the 
BP equipment, initiation of subcarrier 
■odulation, entry blackout, and mpact . Post 
real tine analysis of the received RF eaveforss 
and signal strength vill assist in deters ina t ion 
of atsospheric properties including turbulence 
and winds. 

Bany of the sequence coaaand executions are not 
required for noaiaal operation but provide 
backup. Backup oonsands are given a reference 
letter corresponding to each specific failure 
node. The failure nodes associated with each 
reference letter axe described in Section 5.1 .3.2 
ahead. The a J N reference letter identifies 
cona and executions which are not associated with 
a particular failure node but which provide 
backup to rand ob failure of a coaaand execution. 

5. 1 .3.2 Failure Bodes . Although the Large Probe is 

basically a single string zon-redundant 
configuration, various backup capabilities of 
particular coeponents have been utilized. In 
particular, 1) the acceleration switch provides a 
backup to failure of the coast tiner (Backup B) , 
2) cobb anas reestablish the configuration if an 
inadvertent relay transition has been caused by 
the high-g entry loads (Backup C) , 3) a secondary 
scientific instruseat power bus reconnects 
instruaeats that have experienced a transient 
short during entry (Backup D), 4) at oa a lies 
during parachute jettison are reaovea by 
reestablishing the desired operating 
conf iguration (Backup B) , lived coa Bands are 
provided as backup for acceleration switch 
failure (Backup 1) , and the thernal switch 
provides a backup to degraded parachute 
performance to assure jettison of the parachute 
above 46 KB altitude (Backup K) . 
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operations ace soaiadtad . the recognition of 
these peculiar signatures will enable 
identification of the failure and uhat backup has 
occurred. 

Several additional backup nodes do not 
significantly change the spacecraft signature and 
in no way alter ground operations. These 
include: 1) cova and backup of the C/D® initial 
conditions circuitry (Backup P) , 2) dual 
pyrotechnic ara and fire coanands to backup 
randoa failure of a single counand (Backup 6), 
and 3) acceleration switch backup of tiaed 
coanands to turn off certain scientific 
instruaents prior to entry (Backup H) . Por 
completeness, these backup nodes are included in 
Tables 5. 1.3-1 and 5. 1.3-2, along with "backup J" 
vhich, as described above, provides backup to a 
randoa failure to execute a particular connand. 
The designator "Backup I" is not used. 
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TABLE 5. 1.2. 1.2. 4-1 

CHECKOUT LOAD CURRENT FOR LARGE PROBE UNITS 


POWER RELAY 

UNIT NAME 

AVERAGE LOAD 
CURRENT (@29 VDC) 
(AMPERES) 

Internal Power 

Coast Timer 

0.001 

Receiver 

Receiver 

0.073 

Battery Heater 

Not Accessible from 
Bus 

N/A 

RF 

Exciter 

0. 131 


Power Amplifier 

1.555 


Output Amplifiers 

4.666 

C/DU 

Command/Data Unit 

0.271 


PCU 

0.000 


Pressure Gauge 

0.015 


PIT 

0.026 

Science Primary 

Science Instruments 

(1.0 Amp. peak 


(Initial current spike with 

when using pre- 


no residual load current 
— Individual Instrument 
load currents given in 
Table 5. 1.2. 3. 1.3-1) 

charge .) 

Sconce Backup 

Same as Science Primary 


Window Heater 

LSFR Window Heater 

1.302 


LN Window Heater 

1.725 


LCPS Window Heater 

1.087 

LIR Window Heater I 

LIR Window Heater 

0. 883 

LIR ,,r lndov Heaier II 

LIR Wlndr v Heater 

2. 343 
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ANALOG 
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SERIAL 

DIGITAL 

X XX X X XX 

BILEVEL 

3 X X 3 XXX. 

READ 

ENVELOPE 

XxXXXXtt X 

READ 

CLOCK 

X S XX X 

n m uk 
PRAHE 
RATE 

HZ 

CLOCK 

EESRX 

Comparative Ataosphere 
Str uctu re 

U 


1 

1 

1 


1 

1 

1 

Nepheloaeter 


** 

t 

1 

1 


0 

1 

o 

Cloud Particle Size 
Spectrometer 

2 

0 

1 

1 

1 

1 

1 

1 

0 

1 

Infrared Radioaeter 

2 

0 

1 

1 

1 

* 

0 

1 

1 

Neutral Hass 
Spe ct roneter 

5 

1 

1 


1 

1 

1 

. 

1 

Gas Chromatograph 

5 

1 

1 

1 

1 

« 

0 

o 

1 

Solar Plu« Radiometer 

2 
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1 

1 

1 

1 

1 
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TABLE 5. 1.2. 3. 1.3-1 

LARGE PROBE SCIENTIFIC INSTRUMENT LOAD CURRENT (AT 28 VDC ) 


INSTRUMENT 

AVERAGE CURRENT 
DISSIPATION AMPS 

PEAK CURRENT 
DISSIPATION AMPS 

Comparative 

0.16 

0.31 

Atmospheric 



Structure 



Nephelometer 

0.03 

0.08 

Cloud Particle Size 

0.66 

0.66 

Infrared Radiometer 

0.20 

0.24 

Neutral Mass 

0.39 

0.50 

Spectrometer 



Gas Chromatograph 

0.61 to 1.6 

0.93 to 2.0 

Solar Flux Radiometer 

0.13 

0.13 
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Figure 5. 1.1-2. Large Probe Deceleration Module and 

Pressure Vessel Module Envelopes 
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Large Probe Spacecraft (Looking 
Inboard at 0 -330°) 
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FIGURE 5. 1.3-2 LARGE PROBE DESCENT ALTITUDE VS TIME FROM ENTRY 
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FIGURE 5. 1 .3-3 LARGE PROBE DESCENT VELOCITY VS TIME FROM ENTRY 
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S.2 SHILL PBOBE DESCRIPTION 

Ike three Suall Probes are designed to enter and 
survive the Venus ataosphere and teleneter scientific 
inforaation until iapact with the Venus surface. They 
axe attached to the Multiprobe Bus until noainally 20 
days before entry into the Venus ataosphere at which 
tiae they are separated. Proa coaaanded separation 
until end of aission, the Snail Probes are controlled 
by their internal coast t iaers, entry seguence 
>rograaaers (ESP) , and events sensed by an 
acceleration switch. I description of the Snail Probe 
systea, operation , and aission is given in Sections 
5.2 -1, 5.2.2, and 5.2.3, respectively. 

5.2.1 Snail Probe Svstea Description . The Snail Probe 

external configuration is shown in Figures 5.2.1- 
1, -2, and -3. Figure 5. 2-1-1 depicts an 
external exploded view of the separable pressure 
vessel nodule and deceleration nodule. Ill 
scientific instruaents are contained within the 
pressure vessel nodule . Figure 5- 2 .1-2 indicates 
the diaensions of the asseabled probe. The 
asseabled probe is contained within a 30 inch 
diaaeter by 23.6 inch high envelope. Figure 
5. 2. 1-3 presents a cutaway view of the Snail 
Probe and identifies the significant features. 

Unlike the Large Probe which has three 
aerodynaaic configurations, the Snail Probe has 
only one aerodynaaic configuration. The 
deceleration nodule reaains attached to the 
pressure vessel nodule f roe probe separation fron 
the Bus until iapact. 

The Snail Probe contains three scientific 
instruaents to provide in situ aeasureaent of the 
structure and coaposition of the Venus ataosphere 
and clouds. The function of each instruaent is 
suaaarized in Table 5.2. 1-1. Significant 
instruaent accoa ao da t ion features include one 
saapling inlet, two heated windows and two 
deployed boons. I pressure vessel protects the 
instruaents and the associated engineering 
support subsystems during descent to the planet *s 
surface. The titaniua pressure shell aaintains 
an internal ataosphere of Xenon at a pressure 


PAGE BLANK NOT FILMED 


5.2-1 



Section Bo. 5.2. 1 

Doc. No. PC -403 

Orig- Issue Date 5/22/78 
Revision No. 


Revision 


froa 4 to 30 psia. Xenon is selected for low 
thermal conductivity: the Small Probe scientific 
instruments are not affected by Xenon. 

Instruments and engineering units are supported 
by two beryllium shelves which also provide a 
heat sink during descent. Internal components 
are thermally protected from the outside 
temperature by a Kapton multilayer blanket. 

A deceleration nodule insulates the payload 
during atmospheric entry and provides 
deceleration to subsonic conditions prior to 
instrument boon deployment between 65 and 70 km 
altitude depending on entry angle. A 30 inch 
diameter, 45 degree, blunt cone aeroshell 
supports a carbon phenolic heat shield which 
ablates during entry to provide thermal 
protection. An aluminum aft cover surfaced with 
ESN provides thermal protection of the aft 
hemisphere during entry. The aft cover is 
basically hemispherical in shape but consists of 
several sections to match the various protrusions 
of the pressure vessel module. Descent to the 
surface is free fa 11 with aerodynamic stability 
provided by the aeroshell configuration. 

Positive spin i.e., greater than 1 rpm, is 
assured during descent by a spin vane mounted on 
one of the two deployed booms. 

Prior to probe separation, power is provided froa 
the Bus spacecraft solar panel. Power is 
supplied after probe separation (E-20 days) by an 
11 amp-hour silver zinc battery which has a 
useful capacity (to 80% DOD) at probe separation 
of 5.96 amp-hours. The bus voltage is expected 
to be maintained within 27.6 and 29.7 vdc (25.2 
and 30.8 vdc spec) during entry and descent 
operation. Initial connection of internal 
battery power is achieved by command from the Bus 
to a redundant pair of magnetic latching relays. 
On /Off control of remaining spacecraft loads is 
provided by additional relays. Overload 
protection is provided by parallel fuses. 

A power load profile is given in Figure 5. 2. 1-4. 
The total load including all engineering units 
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and scientific instrunents is illustrated froa 
bus separation until iupact. 

Prior to probe separation, downlink 
conn unications is by hardwire teleaetry of the 
probe data subcarrier to the Bus. Downlink 
conn unicat ions during probe entry and descent is 
provided by a solid-state power anplifier rated 
at 10 watts R7 and a cross dipole antenna. A 
nininun B1RP of 27.8 dBn/steradian is provided 
over connuni cations angles (fron -Z axis) of 40 
to 60 degrees, i stable oscillator provides a 
frequency reference for the downlink. 

Two data rates (64 or 16 bps) are transnitted in 
a convolutions 11 y encoded PCB/PSK/PS fornat. 
Thirty-six unique data channels (16 for science; 
20 for housekeeping) are fornatted in three aajor 
frame foraats (Upper Descent, Lower Descent, and 
Blackout) each containing 16 ninor iraaes. Each 
ninor frame consists of sixty-four 8-bit words. 
There is a unique 64 word subconnutated fornat 
associated with each aajor frane foraat. Seven 
data channels (two of which are also transmitted 
in the probe teleaetry stream) are separately 
hardwired to the Bus including one serial digital 
channel which requires three vires (data, read 
envelope, read clock) . A 3072 bit solid-state 
neaory is used to store data during entry 
blackout and during the data rate change at 30 kn 
altitude . 

Prior to probe separation the internal sequence 
is inhibited by a hardwire across the IFD. 

During this time, control of each probe is 
through 28 hardwire lines fron the Bus. One 
connand function, initiation of the coast timer, 
is redundantly routed through two parallel wires. 
The connand to set the coast timeout duration 
requires three wires (data, envelope, clock) and 
in addition is redundantly routed for a total of 
six wires. 

After probe separation, the probe is controlled 
by coast tiver, ESP, and acceleration switch and 
has no provision for reception of ground 
connands. Forty-one internal connand functions 
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are utilized; 128 executions are iapleaented in 
eight sequences of 16 coaaands each. The 
sequence is peraanently progressed into the BSP 
PROMs prior to unit assesbly . The sequences 
cannot be changed by cossand or other scans 
subsequent to fabrication of the C/DO. The BSP 
is initiated by tiseout of the coast tiner (or 
acceleration switch as a back-up) . Actuation and 
reset of the acceleration switch initiates 
particular sequences. Entry and descent cossand 
tising is cent rolled by an internal tiser. 

The probes are electrically separated fron the 
Bus by cossand fro a the Bus of individual 
pyrotechnic in-flight disconnects (IFD*s). 
Mechanical separation of the three Snail Probes 
froa the Bus is achieved by sisultaneous cossand 
fros the Bus of individual pyrotechnic separation 
devices. Three pyrotechnic functions configure 
the probe during entry and descent and cannot be 
exercised while on the Bus unless the probe is on 
internal battery power and the IPD is separated. 
The firing commands are originated by the C/DU. 
These functions include yo-yo deployment, SR 
window cover deployment, and SAS and SHFR boos 
deployment . 

The locations of units on the forward and aft 
shelves are shown in Figure 5. 2. 1-5 through 
5-2. 1-8. The figures depict forward and aft 
views of each shelf. The aid bay, including the 
forward side of the aft shelf and aft side of the 
forward shelf, is shown to consist primarily of 
engineering instrumentation. The remaining 
forward side of the forward shelf is dominated by 
the probe battery. Scientific instrument 
electronics are shown to be distributed 
throughout the probe. The SM electronics are 
mounted on the aft side of the aft shelf, the SAS 
electronics are mounted on the aft side of the 
forward shelf, and the SMFB electronics are 
mounted on the forward side of the forward shelf. 

5.2.2 saalL Probe Operation . There is no external 

control of the Small Probes after they are 
separated from the Bus; the operational 
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charade, a sties prior to separation are 
emphasized in this section. 

5.2.2. 1 S&S&icM i%i SS-2BL. ItiaUatiaftS - Once the Small 
Probes ace separated from the Bns there is no 
external command capability. In addition, there 
is no telemetry from the probes throng hoot the 20 
day coast period. Small Probes telemetry is 
transmitted only during the final 1-1/2 hoars of 
the Small Prober, mission (pre-entry, entry and 
descent) . The expected spacecraft signature 
during this 1-1/2 hour period is included in the 
Small Probe entry and descent sequence. Table 
5-2. 3-1. 

Prior to separation, operation of the Small 
Probes consist of (1) periodic turn-on to 
checkout instruments and subsystem operation, and 
(2) continuous ON period of 25 days just prior to 
probes* release of the stable oscillator in each 
small prone. This 25-day "bakeout" period is 
done to insure that each small probe's stable 
oscillator will meet specified performance 
(Reference: Paragraph 1.5.34). The detailed 
command sequence for initiating and sustaining 
the "bakeout" period is contained in Table 4.2.2- 
2. Checkout limitations are described in Section 
5. 2. 2. 1.2. The capabilities and limitations of 
the activites required for separation of the 
probes from the Bus are discussed nelow and in 
Section 4.1.2. 

5. 2.2. 1.1 Interplanetary Cruise . Except for brief periods 
of probe checkout discussed belov in 5. 2. 2.1.2 
probe operations capability during interplanetary 
cruise is liaited to application of power to 
shelf heaters and monitoring the shelf and 
battery temperatures. One heater on the forward 
shelf of each probe is provided power from the 
Bus on lines separate it os checkout power. These 
heaters are powered on and by command of 
relays on the Bus. Each Sc^.1 Probe forward 
shelf heater has a sepal:** e po*er line and 
switching relay ao the B«ts. A separate telemetry 
channel indicates the temperatures of each shelf. 
This telemetry requires no external power; it is 
conditioned by the Bus spacecraft and is 
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available continuously during the cruise phase. 
The locations of the forward shell heater and 
temperature sensors are shown in Figures 5. 2. 1-5 
and 5. 2. 1-7. Two teaperature sensors are located 
on ea^h shelf. (SXAP1T, SXAP2T, SXFHU, and 
SXFR21 for aft shelf and fwd shelf respectively. 

X — 1, 2, or 3 for Small Probes 1 , 2, and 3 
respectively) . One sensor on each shelf (SXAP1T 
or SXFM1T) is wired to a Bus DIM ; the other 
sensor on each shelf (S' , AF2T or SXPW2T) is wired 
to the p: obe C/D3. The battery temperature 
sensor (PXBATT) is mounted internally in the 
battery pact and is wired to a Bus Din. 

5. 2. 2. 1.2 Probe Checkout . This section discusses the 

operational capabilites and limitations of Small 
Probe checkout while the probes are attached to 
the Bus. Instrument checkout data will also be 
telemetered by the probes just before entry but 
no external operational control is possible at 
that tine. 

5.2 .2. 1.2.1 Thermal Constraints . Probe checkout can be 

implemented early in the cruise phase because 
the temperatures of the probes are expected to be 
above the minimum operating limit (~4°F shelf 
temperature for telemetry channels SIAPIT, 

SIFWIT, S2APIT, S2FHIT, S3AFIT , and S3PMIT) , e»en 
with the probes shelf heaters off. Temperatures 
increase as the Multiprobe gets closer to the 
sun. Any one or more scientific instruments on 
any Small Probe may be operated indefinitely 
during checkout of that probe as long as [3XPM1T 
AMP SXPW2T AM£ PXBATT are all < 485°P] AND 
[SXAF1T \ND SXAF2T are both < 4l22°P] where v - 
1 or 2 or 3 for SP1 or SP2 or SP3 respe lively . 
Once any limit is reached the equipnen .should be 
turned OFF, and checkout of that probe shou* i not 
be resumed until the telemetered temperature that 
indicated the limit level has decreased by > 

A5°F. 
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5 .2 .2. 1.2. 2 Coaaand and Teleaetry . Twenty-eight coaaands 
are available to each Snail Probe for nse 

during probe checkout- These coaaands are 
described in PC-455, Reference: Paragraph 1.5.1. 
All coaaands are hardwired directly froa a Bus 
COP* The coaaands can be generated in real tine 
froa the ground or can be stored in the Bus 
coaaand aenory for subsequent execution. Coaaand 
tiaing resolution froa the Bus coaaand aeaory is 
Q.125 seconds. Diagraas of the operational flow 
of each coaaand, the interactions of coaaands, 
the required power signals, and the teleaetry 
ver-.ication of coaaands are given in Figure 

5. 2. 2- 2-1. 

Forty-one unique teleaetry channels are 
available froa each snail Probe to aonitor probe 
status during checkout. They are available 
through Bus DIB*s only, through the probe data 
streaa only, or through both paths. These 
signals are described in PC-454, Reference: 
Paragraph 1.5.2, according to whether they are 
transaitted to the probe data streaa that 
aodulates the probe subcarrier, or hardwired to 
the Bus Dins. Further identification is Bade in 
the coaaand and teleaetry flow diagraas of Figure 

5. 2. 2. 2- 1. Real-tine teleaetry of the probe data 
streaa can be transaitted at 64 or 16 bps ir any 
one of three data fornats. Teleaetry of the data 
channels which are wired directly into a Bus 
foraat rather than the probe C/bn teleaetry 
streaa can be transaitted at any Bus data rate 
froa 8 to 2048 bps as long as the Bus data link 
aargin is adequate. There is no data storage 
capability on the Bus. Probe data storage is not 
planned for use during checkout. 

5.2.2. 1.2. 3 Coaaunications . Teleaetry during probe 
checkout utilizes the Bus downlink only. The 

Bus carrier is aodulated with the selected probe 
sfbcarrier and a Bus subcarrier consisting of the 
selected Bus foraat. The output power is either 
10 or 20 watts. A direct probe signal is not 
expected to detectable on the ground; 
therefore, probe coaaunications subsystea 
operating characteristics cannot be deterained . 
The probe coaaunications subsystea aay be turned 
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on during checkout and the associated current 
dissipation used to indicate subsystem status. 

5 .2.2 .1.2.4 power . Prone checkout powvt is provided iron 
the Bus solar panel and, if required, fro* the 
Bus battery. The probe battery is not connected 
until final preparation for separation. Near 
Earth, low solar intensity and corresoondinq 
reduced solar panel output liwits probe checkout 
capability. It about L+bO days, 35 watts of 
solar panel power is available for probe checkout 
assuming the full specified 30 watts of bus 
science power is simultaneously drawn. If the 
Bus scientific instruments are not Dowered during 
probe checkout, a total of b5 watts of power is 
available. In addition, enerqy say be extracted 
frou the Bus battery to support a hiqher checkout 
pover for a liaited period. Even with 35 watts, 
all the instiuaents on a single Snail Probe can 
be powered indefinitely for checkout except for 
the theraai liait after targeting reorientation 
as discussed in section 5. 2. 2- 1.2.1. There is 
only one data line available tor probe checkout 
data and external cultiplexing froa several 
probes is not possible. There is, therefore, no 
need to power wore than one probe at a tine. 

The expected load current for each probe unit 
is given in Table 5.2.2. 1. 2.4-1 . The load 
current tor each scientific instrument is given 
in Table 5 .2 .2 .3 .1 -3-1 . 

5. 2. 2. 2 Subsystem Operability . Figure 5. 2. 2-2-1 

illustrates the flow of externally generated 
coaaands within each Small Probe. Internal 
comaaad generation after the probes are separated 
from the Bus is not considered. The flow of 
external probe coaaands through the Bus is not 
shown in detail, i .e ., frou reception by the Bns 
receiver through transaission across the IFD. 
Because the three Small Probes are functionally 
identical, only one (Snail Probe 1) is 
illustrated. The command and telemetry 
nomenclature for the other probes are described 
in detail in PC-455, (Reference: Paragraph 1.5.1) 
and PC-454 (Reference: Paragraph 1.5.2) 
respectively . 
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figure 5. 2. 2 .2-1 truces thw coeeand signals fros 
the hardwire iapat to the point of execution. 

All other signals* coasand and power* are 
indicated which are reqnired before the coasand 
path is closed. Teleaetrf points are indicated 
which verify activity along each coasand path. 
Additional teleaetry channels are indicated which 
do not refer to the indicated oowaands and are 
not direct 3 y related to probe checkoat. These 
channels aro included because they are available 
during checkout if desired. 

Two types of teleaetry channels include those 
available directly across the In-Flight 
Disconnect (1FD) bypassing the C/DO and those 
available through the hardwired probe teleaetry 
streaa fro a the C/DO. The two types are 
identified in the figure according to the two 
indicated paths: one directly to a Bus Data 

Input Hodule (DIR) across the IFD and the other 
to the C/DO in one or aore of three data foraats. 

.2.2.2. t Conaand/Pata Subsvstea . The nine (9) coaaands 
possible f row the Bus to the coanand/data 
sobsystea of each Snail Probe are traced in 
Figure 5.2.2.2-1. The two coaaands to the coast 
tiaer are redundantly routed through two Bus 
CORs. Six associated teleaetry channels include 
one transnitted directly to the Bus and five 
transaitted within the probe teleaetry streaa, 
assuaing use of the Saall Probe upper descent 
data format. Reaory Bead Out (3R0) is also 
indicated. The coast tiaer coaaands are 
significant because they are not for prone 
checkout but a. e required to configure the Saall 
Probes prior to separation. 

To ainiaize the nuaber of separate wires across 
the in-flight disconnect, four external conand 
functions are not directly available, including 
selection of 64 bps which also turns on the 
subcarrier, selection of the upper descent 
foraat, and initiation of data storage. These 
functions are available through initial 
conditions circuitry as shown in the iigure. 
Selection of these functions is achieved by 
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turning the coma an 4/ data subsystem power off and 
on . 

5.2 .2 .2.2 power Sabsvstaa . The ten coanands fron the Bus 

that control the probe power sab6ystea are traced 
in Figure S.2. 2.2-1. Redundant Bus cons are used 
for four of these coaaand functions. Twelve 
associated telenet ry points include four 
transaitted directly and eight transaitted within 
the probe telenetry strean using any probe data 
foraat. The internal power OR conaand is 
significant because it is not used for probe 
checkout but is required to enable probe internal 
power prior to separation. The internal power 
switch interface is unique in that the relay 
driver is contained in the Bus Pin and the driver 
output lines to the relay cross the interlace. 

S.2.2.2.3 Conn unicat ions Subsvstea . The Snail Probe 

coaauaicaticns subsystem accouaodates external 
control of the modulation index, one index is 
autcnatically selected at subsystea turn-on; the 
other is selected by external coaaand. There is 
also separate control of the power aaplifier froa 
the reaainder of the subsystea and a telenetry 
channel which indicates stable oscillator heater 
current. The three coaaand and one teleaery 
functions are shown in Figure 5.2 .2.2-1. The 
coaa uni cat ions subsystea can be turned on during 
checkout by coaaand of a power relay within the 
P10. 

5-2 .2.2.4 other Subsystems . Additional Saall Probe 

operational features include external power to 
the forward shelf heater, temperature telemetry 
froa the shelves, telenetry froa an internal 
pressure gauge, telemetry froa the deceleration 
aoduie, and boon deployment status telemetry. 

The shelf heater is commanded OR and OFF via a 
switch within the Bus as appropriate during the 
cruise mission. The ON/OFF commands are routed 
through redundant Bus COBS to the Bus P1D. The 
snelf heater coaaand, power, and telenetry lines 
are depicted in Figure 5. 2. 2.2-1. Internal 
pressure is telemetered by the C/DO to indicate 
integrity of the pressure vessel seals. This 
telenetry channel is depicted in Figure 5.2.2 .2- 
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1. Three deceleration nodule temperature 
channels are also indicated. These are 
telemetered by the C/DO to provide an indication 
of heatshield performance. Also shown are two 
telemetry channels which indicate deployment 
status of the SIS and SVPB boons. 

gtafeaZEifite lflglClBgJUg. The 

electrical interface, consisting of commands, 
telemetry, power, ana timing signals between each 
Small Probe and its three scientific instruments, 
is presented in section 5- 2.2. 3.1. The 
mechanical interface between the probe and probe 
instruments with respect to individual instrument 
orientation and field of view is presented in 
section 5-2. 2. 3. 2. 

5. 2 .2. 3.1 Electrical Interface . The electrical interface 
between each Small Probe and the probe scientific 
instruments consists of 12 command lines, 16 
telemetry lines, a power distribution bus and 
timing signals. 

5. 2. 2.3. 1.1 Commands/Telemet rv /Timing Signals . Table 
5.2.2 .3. 1. 1-1 breaks down the 12 command and 

1o telemetry channels available for the 
scientific instruments from the probe C/DO. The 
telemetry channels are further identified as 
either analog, serial digital, or bilevel. Also 
included in the table is identification of the 
tiainq signal provided to each instrument. 
Available timing signals include Read Envelope, 
Read Clock, Major Frame Rate, Minor Frame Rate, 
ano 2u4b Hz Clock. 

5. 2. 2. 3.1. 2 Data Formats . The data from the individual 
scientific instruments are formatted into three 

minor frame formats each of which include 4 sub- 
commutated words. The upper descent format is 
transmitted before entry to provide instrument 
checkout d*ta and after entry during traversal of 
the upper atmosphere to provide measurement data 
from each of the three instruments. The lower 
descent format is initiated when the data rate is 
reduced from 64 to 1b bps at about 30 Km altitude 
and also includes data from each instrument. The 
analog and bilevel channels indicated in Table 
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5*2. 2.3. 1.1-1 are subcoaautated with a saapling 
rate of one word every 128 seconds at 64 Dps or 
every 512 seconds at 16 bps. Serial digital data 
are telemetered within the ainor frane at a rate 
of one sanple (8 bits) every 8 seconds or 32 
secopds respectively. The blackout foraat is 
utilized at 64 bps during high speed entry 
deceleration. The blackout fornat includes 
ataospheric structure data, nepheloaeter 
calibration data, and telenetry of deceleration 
nodule tea per a ture . Six f rases of data (48 
seconds) are stored during blackout and 
subsequently transmitted in 5 words of the upper 
descent fornat. One coaplete data storage 
readout requires 10.24 ainutes. The data storage 
is used again to store 6 franes of data (192 
seconds) at the time of data rate transition fros 
64 to 16 bps. The previously stored blackout 
data are written over at this tine. The second 
playback is acconplished via 5 words of the lower 
descent fornat which results in one coaplete 
readout in 40.96 ninutes. Both data playbacks 
autoaatically repeat until terainated by connand 
or end of aission. 

5. 2. 2. 3. 1.3 Power . Power to the scientific instruments is 
provided froa the Snail Probe battery via the 
power interface unit. Each instrument is 
separately fused. In addition, a parallel fuse 
is wired through a second power relay to provide 
a "one-tine" reset capability in the event of a 
primary tuse trip. The expected load current of 
each scientific instruaent is indicated in Table 
5. 2-2. 3-1. 3-1. 


5. 2. 2. 3. 2 Bechanical Interface . The location and 

orientation of each instrument on each probe and 
the clear field of view provided for each 
instruaent are indicated in Figure 5-2 .2 -3 .2-1. 

5.2.3 Small Probe Entrv/ De scent Sequence . The nominal 

sequence and failure nodes are described ahead. 

5.2.3. 1 Nominal Sequence . After the Small Probes are 
switched via the Bus connand link to internal 
power, tne timeout duration is individually set 
in each coast timer and the coast tiaers are 
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initiated. The three Saall Probes are 
simultaneously separated fron the Bus at 
nominally K-20 days. After separation each Saall 
Probe is individually controlled by an internal 
coast timer, an event sequence programmer (BSP) 
and specific events sensed by an acceleration 
switch. There is no external command capability 
after electrical separation. 

The coast timer provides a pre-timeout signal at 
Entry - 201.7 ± 2 minutes to turn on the stable 
oscillator and battery heater. It E - 22 t 2 
minutes, the coast timer reaches the timeout 
duration which causes turn OB of the probe 
conmand/data unit, turn OH of the BP power relay, 
and turn OPP of the battery heater. The stored 
command sequence listed in Table 5. 2. 3-1 is 
initiated and probe BP transmission (carrier 
only) begins. Bach Saall Probe follows the same 
programmed entry and descent sequence. The only 
variation is due to the different start tines and 
different times of acceleration switch actuation 
and reset. The two minute uncertainty associated 
with events prior to entry into the Venusian 
atmosphere is largely eliminated by 
reinitiali ing event timing upon actuation of the 
acceleration switch which signifies the start of 
aerodynamic braling. 

Between probe separation fron the Bus and 
initiation of RP transnission, there is no 
capability for determination of probe status. In 
addition, during the next five minutes, the data 
subcarrier is suppressed to enhance ground 
acquisition of the unmodulated downlink carrier. 
Telemetry of spacecraft unit data and scientific 
instrument data is initiated by the sequencer 
after the five ninute period. Bilevel status 
telemetry; telemetry of temperatures, voltages, 
and currents; and BP characteristics indicate the 
status of the probe. 

Tabl'? 5.2.3. 1-1 lists the predicted downlink 
frequency tor each probe at the initiation of BP 
transnission for that probe, noainally 22 ninutes 
before that probe's entry. Subsequent tabulation 
of downlink frequency versus tine for each probe 
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■ill produce an an calibrated frequency /tine 
profile that not only includes the sought-after 
doppler effect, but also n onerous other 
environaental effects. The latter effects can be 
eliainated by subtracting fro a the profile the 
appropriate re -drawn aean calibration curve of 
Figures 5.2.3. 1-1 through 5.2. 3. 1-4. Bach of 
these figures shows a aean calibration plot 
scaled to noainal entry, but uncertainty bounds 
scaled to worst case (E-2 ai antes) entry. Bach 
aean calibration curve should be redrawn to natch 
the aeasured entry tiae by condensing or 
expanding the curve seg Bents eaanating froa Step 
**E M until that step Batches the true Entry tiae 
while the "RP" point and the "1" point stay 
locked relative to the tine abscissa. This 
redrawn curve should then be subtracted froa the 
appropriate aeasured frequency /tiae profile to 
produce the calibrated f reguency/tiae profile 
that includes only the doppler effect. 

The probe siss ion phases after coast tiaer 
tiaeout include: 1) calibration of the 

scientific instruaents prior to entry, 2) 
blackout during entry when all data are stored 
and the ground loses the probe RP signal, 3) 
scientific instruaent booe and cover deployaents, 
4) upper altitude descent at a data rate of 64 
bps, and 5) lower atmosphere descent at a data 
rate of 16 bps. inpact occurs at approxiaately E 
♦ 57 minutes . 

The noainal Snail Probe entry locations are shown 
in Figure 2. 1.1. 3-1. These are “location* 
nuabers and not hardware nuabers, i.e., the 
hardware unit known as Snail Probe 1 will not 
necessarily be targeted for the Snail Probe 1 
location shown in Figure 5.2 .3-1. Entry 
trajectory paraaeters for these three entry 
locations are shown in Pigures 5.2. 3-1, 5. 2. 3-2, 
and 5 .2. 3-3. The corresponding noainal entry 
flight path angles are -69.8, -40.4, and -23.5 
degrees respectively . The assuned entry velocity 
and ballistic coefficient are defined in the next 
paragraph. Representative descent trajectory 
paraaeters are shown in Pigures 5.2 .3-4 and 
5.2. 3.-5. Since there are no significant changes 
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in these parameters for the different entry 
flight path angles , only one entry angle, -69.8 
degrees, is shown. 

Table 5.2. 3-1 indicates the tine fron entry of 
each coaaand and the altitude and other 
trajectory parameters at significant ailestones. 
The trajectory par Meters and tiaing are 
indicated for the two extremes of flight path 
angle at entry of -20.0 and -75.0 degrees. The 
assumed entry velocity is 11,600 m/sec at 200 KH 
altitude, in entry ballistic coefficient of 
39.41 lbs/ft 2 is assumed. The timing is based on 
an estimated maria urn probe weight at entry of 
203.13 pounds, and descent weight of 195.72 
pounds. The assumed descent aerodynamic 
properties are a drag coefficient of 0.76 and a 
diaaeter of 30.0 inches. 

The sequence indicates an option to deploy the SB 
window covers at either 5 or 10 seconds after 
acceleration switch reset. The later option 
provides additional calibration tiae employing 
the window mounted calibration target. However, 
about 0.8 kilometers of descent realtime data are 
sacrificed if the second option is selected. The 
flight plug is presently wired to implement the 
earlier option. 

The sequence also indicates options to turn off 
the SB window heater at E ♦ 18.55, E ♦ 28.55, and 
E ♦ 48.55 minutes. The flight plug presently 
jumpers the first of these options. The final 
selection depends on final determination of probe 
battery margin. 

Table 5.2. 3-1 indicates when particular telemetry 
channels will change value to verify that a 
particular seguence event has occurred - In 
addition, characteristics of the received RF 
signal will provide indication of turn on of the 
RF equipment, initiation of subcarrier 
modulation, entry blackout, and impact. Post 
real time analysis of the received RF waveforms 
and signal strength will assist in determination 
of atmospheric properties including turbulence 
and winds. 
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Many of the sequence connand executions are not 
required for coninal operation but provide 
backup. Backup counands are given a reference 
letter corresponding to each specific failure 
node. The failure nodes associated with each 
reference letter are described in section 5.2.3.2 
ahead. The *J n reference letter identifies 
connand executions which are not associated with 
a particular failure node but which provide 
backup to rand on failure of a connand execution. 

5.2.3 .2 Failure Bodes Although the Snail Probe is 

basically a single string non "-redundant 
configuration, various backup capabilities of 
particular conponents have been utilized. In 
particular, 1) the acceleration switch provides a 
backup to failure of the coast riser (Backup B) , 
2) connands reestablish the configuration if an 
inadvertent relay transition has been caused by 
the high'-g entry loads (Backup C) , 3) a secondary 
scientific instrunent power bus reconnects 
instrunents that kve experienced a transient 
short during entry (Backup D) , and 4) tined 
connands are provided as backup for acceleration 
switch failure (Backup I) . 

These backup nodes are sunnarized in Table 5.2.3- 
2. The change in spacecraft signature is 
indicated, and the inplications on ground 
operations are sunnarized. The recognition of 
these peculiar signatures will enable 
identification of the failure and what backup has 
occurred. 
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Several additional backup nodes do not 
significantly change the spacecraft signature and 
in no way alter ground operations. These 
include: 1) coasand backup of the C/DO initial 

conditions circuitry (Backup P) , 2) dual 
pyrotechnic are and fire connands to backup 
randoa failure of a single coanand (Backup G) , 
and 3) acceleration switch backup of a tiled 
coanand to turn off the SBPR prior to entry 
(Backup B) . Por completeness, these backup nodes 
are included in Tables 5. 2 .3-1 and 5.2 .3-2 along 
vith "backup J* which, as described above, 
provides backup to a randoa failure to execute a 
particular coanand. The designators "Backup 1" 
and "Backup B* are not used. 


TABLE 5.2. 1-1 

SHALL PROBE SCIEBTIPIC IRSTBOHEHT SOHBARY 


BABB OP IBSTRDHBHT 

REFER EM CE 
DBS IG BATOR 

POBCTIOB 

Comparative Atmosphere 
structure 

A&C/SAS 

Beasure temperature, 
pressure and 
acceleration. 

Bepheloaeter 

ARC/SB 

Beasure cloud 
particulate density 
distribution. 

Met Plux Radiometer 

I 

1ISC/SBFR 

Beasure distributions of 
radiative heat transfer. 
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TABLE 5.2 .2.1 .2.8-1 

CHECKOUT LOAD CURRENT FOR SHALL PROBE BRITS 


POWER RELAY 

r 

OR IT R ABB 

AVERAGE LOAD 
CURRENT 
(829 VDO 

Internal Power 

Coast Tiaer 

0.001 

Stable Oscillator 

Stable Oscillator 

0.093 

(0.202 peak) 

Batter; Heater 

Not Accessible froa Bns 

B/A 

C/DO and RF 

Co aa and/ Da ta a nit 

0.271 


PC a 

0.000 


Pressure Gauge 

0.015 

i 

P10 

0.023 

i 

i 

i 

Exciter 

0.127 

i 

| 

i 

Subtotal 

0.436 

1 

Power Aaplifier (requires 
separate coaaand) 

1.600 


Total C/DO and RF Bns 

2.036 

Science Prinary 

Scientific Instruaents 
(Initial current spike 
with no residual load 
current. Individual 
instruaent load currents 
given in Table 
5. 2.2. 3. 1.3-1 

0.000 

(Approxiaately 
1 aap. peak - 
pre -charge not 
needed) 

Science Backup 

Hot Accessible froa Bus 

N/A 

Window Heater 

SB Window Heater 

1.053 
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SCIENCE/C/DU)SIGNAL INTERFACE LINES 


tv) 

I 

vO 




Telemetry Channels 

Timing Signals 

Instrument 

CMDS 

From 

C/DU 

To C/DU 
Serial 
Analog Digital 

Bilevel 

Read 

Envelope 

Read 

Clock 

Major 

Frame 

Rate 

Minor 

Frame 

Rate 

2048 

Hz 

Clock 

Comparative 

Atmosphere 

Structure 

5 

1 

1 

1 

1 

1 

1 

1 

1 

Nephelometer 

2 

4 

1 

1 

1 

1 

0 

1 

0 

Net Flux 
Radiometer 

5 

2 

1 

4 

1 

1 

1 

1 

1 


98 

(8 

< 

K 

£ 

0 


© 
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90 

(0 
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TABLE 5.2.2 .3. 1.3-1 

SHALL PROBE SCIENTIFIC IMSTROHEMT LOAD CORnENT 


IB STROBE NT 

A f ERASE 
LOAD . 
COB RENT 
AHPS 

PEAK 

LOAD 

CURRERT 

AHPS 

Con para tive itaosphereic 
Structure 

0.14 

0.25 

Mepheloneter 

0.08 

0.08 

Met Flux Radiometer 

0.10 

0.18 
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Initiation 
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Time Cod*, 
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No. 

Command Title (Backup Dealgnator) 

— 
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0.000 

4* 

l| 

Head Deacent Timer lo Zwo 
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Switch, 
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34 

2) 
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34 

3) 
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50 
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0.000 

50 

7) 

tpper Deeoent Format Sol act 

46.400 


0.000 

01 

"I 

8AS I'ppar Deeoent 

44.525 


0.000 

53 

») 

Science Power Primary ltelay ON (C) 

46.650 


0.000 

07 

10) 

HN Power ON 

46.775 


0.000 

00 

11) 

SAS Power ON (C) 

46,900 


0,000 

01 

U) 

SAS I'ppar Dement (C) 

5 7.025 


0.000 

10 

13) 

SNFR Power ON 

47.150 


0.000 

13 

18) 

8NFM Heater and Solenoid ON 

47. V5 


0.000 

57 

15) 

Stal>l e Oaclllator ON <C> 

47,400 


0.000 

44 

ID 

Data Hate 04 bpe Select (•)) 

47.525 


m Knlrv f 
20 Meg, 


Tima 

Va 

nileallor 

Talama 

IY 

Second# 

Ch. 

Per. 

Title 

Approx. 

, t • -75 Dag. 

Nn. 

Dai. 

Change. 

1H, 230 



n 


18. 35b 



I 


18.880 



H 


1 8, 00.5 



■ 


14.730 

36(0) 

NX AS HA 

ZEES 

0 * 1 




Statue 


lH.hSfi 

asm 

SXFRIM 

HNFK 

0 • i 




Boom 





Sutua 


IH.0H0 



• • 


i » . l or. 

85(0.0) 


111 

01 • 00 
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• • 


19.4H0 

50(1) 

KXSNS 

OTptJFF 

0 • 1 

19.003 



« • 


19.730 



• • 


19.833 

5012) 

EXNFRtl 

ONtlFF 

0 • 1 
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PXHUHI 

BuaCun 

♦0.3A 

I9.9M0 

50(8) 


ONOFF 

0 • 1 

20. 106 

50(3) 

'•a 

nip 

- 




statu# 





• • 



5. 6 g'e. 


WS.l km). 8w.etotoverl- 


pf 8N window oovar whlok 


Remark# 

Y # • -20 Dag (Y # ■ -75 De*| 


A. - 1.80 1)80 Vn/ 
. I 1.00). Boom 


[Window haotor only off for 
110 aae.not likely to be ob- 
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TAM 1. 5.1. 3-1 (Continued) 


M* P'aie' 

!:.l vtulion 

Comm'ivJ 
Trne Code, 
SoC 

( MD 
No. 

Command Title (liackup Designator) 

Port - MUckout 

0.000 

5 * 

ii 

High m<*i Index Select (.J) 

(Continued) 

0.000 

50 

2) 

I'PFor (jeecent Format Select (J) 


0.000 

53 

3) 

fiaiencw Power ibrlmary fielay ON (J 


0.000 

07 

*> 

SN power ON U> 


0.000 

00 

■i) 

8A8 Power ON <.l) 


0.000 

01 


SA.° t'pper Descent (J) 


0.000 

10 

1) 

SNFIt Power ON (.)) 


0.00 o 

13 

“) 

SNFK Healer h Solenoid ON (1) 


6.000 

33 

») 

Fire SN Window Cover Deployment 
Hquibe (1) 


6,000 

33 

l» 

Fire SN Window Cover Deployment 
Squlbe (1) (Ci) 


>0 ,12ft 

3 « 

111 

Fire SN Window Cover Deployment 
flqufbe (2» 


11.120 

3 * 

12) 

Ft re fiS Window Cover J deployment 
fkiulbe (2) Ki) 


0.000 

55 

13 ) 

SN Window Healer ON 


12.250 

35 

14, 

PCI' Mearm 


l 7 . 000 

4ft 

15) 

Stored Data OFF 


) m , ooo 

I . .. 

4!) 

HD 

Stored Data OFF Hi 


W EO C O l/» 

It (MO J 

H- • f* 

W * 

H- * O 
0 m O O 
P (0 * 
tt * 

SSL? 


o 

a 
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lAHI.t, 5.2.3 1 /Continued) 


' :i .-.ion Pha»c/ 

Command 

CMIJ 

— 

— 

Kxecutlon 

— 
J Imr* 

Verlflcatlor 

Teleme 

ry _ ... 

R.marka 

Time Code, 

Command Title fBack.p 1/eMlimAtor) 

From Kmry 

Seconda 

Ch. 

Bef. 

Till. 

Approx. 

Ir.p.U'.Pm 

Sec 

No. 



< a • -20 Deg. 

■ -75D«k. 

No. 

Del. 

Chau*,. 

Y • -20D,j(y # »-7»D,3 

Deacenl 

45,000 

54 

n 

Science Power Backup ltolay ON’ 

110.450 

S3. 230 

55<r.) 

I0CSP2S 

DHftFK 

0 • 1 

Solano# rMd Miuonoa: 


0.000 

07 

2 1 

SN Power f'N (1 b 

110.775 

*3,355 



• • 


Individual instrument data 
Ndll verify a tranalent tell* 


0.000 

00 

3) 

HAS Power OS (lb 

i io. goo 

*3.4*0 



• • 


jre during entry. Inetru- 


0.000 

01 

*1 

HAS t pper Deacent (lb 

111.025 

*3.005 



• • 


nnt data will be ail taro, 
until appropriate backup 


0.000 

10 

5) 

KNFit Power or rib 

1 1 1 . 1 50 

*3. 730 



• » 


oomrai nda are aaeouted. 


0.000 

13 


SNFH Heater & Solenoid ON (1)) 

111 .275 

*3. *56 



• • 




0,000 

56 

7) 

SN Window Heater ON {.)> 

1 1 1 ,400 

H3.9*0 



• • 




0.000 

50 

*> 

1 pper Deecent f ormat Select (J) 

111.525 

*4.105 



• t 




0.000 

54 

0) 

■Science Power Backup Belay ON (.,) 

ill .6 50 

H4.230 



• * 




0.000 

07 

10) 

SN Power ON (J) 

til .775 

H4.365 



• • 




0,000 

00 

111 

SAS Power ON M) 

111. 900 

M4.4H0 



• • 




o.ooo 

01 

12) 

SAS t’ppar (!) 

1 12.025 

*4.005 



• • 




0.000 

10 

13) 

H NFH Power ON (J) 

112.150 

*4.730 



• • 




0.000 

1.1 

14) 

SNUI Heater l Solenoid ON (J > 

112.275 

*4. *55 



• • 




0,000 

57 

1 5) 

Stable Oeclllator os <•)) 

U2./.00 

*4.0*0 



• • 




0.000 

f,0 

1*>) 

Power Amplifier ON (J) 

112.525 

*5.105 
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on Tlmo 

Verification 

T.I.metrv 

R.markj 

Ql 

Second! 

Ch. 

Ref. 


Approx. 


I 4 * -75 Dag. 

No. 

Dev. 
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ID 
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TAIU.K 5. 2. 3-1 (Continued) 


Mission Phase/ 
frJ tlatlon 

Command 
Time Cede, 
Sec 

CMD 

No. 

Command Title (Backup ix-slifnator) 

Descent 

0.000 

10 

it 

SNKIt Power ON (J) 

(Continued) 

0.000 

14 

2) 

SNPIt lower Descent Mode (.1) 


0,000 

13 

3) 

HNFlt Heater & Solenoid ON (. ) 


0.000 

57 

4) 

Stable Oscillator ON (J) 


0,000 

55 

5) 

HN Window Heater ON (I) 


0.000 

flO 

«) 

Power Amplifier ON (.1) 


0.000 

47 

7> 

Stored Data 1 nit lute (J) 


0.000 

45 

H> 

Data Hato 11) bpa Select (.1) 


0.000 

59 

'■» 

I.ow Mod. Index Select (J) 


129.500 

20 

10) 

SN Window Heater OFF (2) 


102.000 

40 

m 

Stored Data OKI' 


193.000 

49 

12) 

Stored Data OFF ( !) 


429. 500 

02 

13) 

Spare 


729. 500 

30 

14) 

SN Window Heater OFF (3) 


1329.500 

31 

13) 

SN Window Heater OK!*’ (4) 


1 920. 500 

03 

!■*) 

Spare 
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TABLE 5. 2. 3-2 
PROBE FAILURE MODES 


Designator 
Used in 
Mission 
Sequence 

Description of Failure 
and Backup Provided 

Effect on Spacecraft 
Signature 

Effect on Ground 
Operations 

Backup B 

Failure: Coast Timer time- 
out. 

Backup: All critical com- 
mands re-issued after 
deceleration switch signals 
entry. 

No signal received on 
ground until after probe 
entry. 

No signal acquisition before 
blackout. Acquisition 
after blackout will be at 
post-entry frequency with 
no period of unmodulated 
carrier to assist lockup. 
Fast ground operation is 
critical to maximize 
recovery of data. 

Backup C 

Failure: Opening of one of 

Science Power Relay: 

Science Power Relay: No 


the following power relays 
during entry: Science, 
stable oscillator. 

Backup: All power relays 
(except those for C/DU & 
RF which arc a parallel 
redundant pair) are re- 
initialized after entry. 

May observe peculiar 
science data 0. e. , all 
zeros) from E+35 to 
E+47 seconds, then 
expected data pattern 
will resume. Stored 
blackout datr will be 
all zeros after relay 
failure. 

effect. 



Stable Oscillator Power 

Stable Oscillator Power 



Relay: Frequency shift 
in ground received RF 
signal from E+35 to 
E+47 seconds. 

Relay: Offset in initial 
downlink frequency must 
be within ground receiver 
tracking capability or 
ground receiver will lose 
lock. 

Backup D 

Failure: Blowout of scien- 
tific instrument primary 
fuse due to transient power 
surge at entry. 

Backup: A parallel power 
bus and set of fuses and all 
individual scientific instru- 
ment commands are resent 
approximately one minute 
after scientific instrument 
boom deployment. 

Particular instruments 
data stream will be all 
zeros until the backup 
fuse is connected. 

The n normal data 
stream will be 
resumed. Bus current 
will be below expected 
value. 

None 
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TABLE 5. 2. 3-2 (Continued) 


Designator 
Used in 
Mission 
Sequence 

Description of Failure 
and Backup Provided 

Effect on Spacecraft 
Signature 

Effect on Ground 
Operations 

Backup F 

Failure: C/DU and exciter 
initial conditions circuitry do 
not implement desired Initial 
data format, modulation index 
or data storage mode. 

Backup: The desired initial 
conditions are established by 
command. 

None. 

None. 

Backup G 

Failure: Random failure of a 
pyrotechnic Bring command. 
Backup: All firing commands 
are sent twice with 0. 125 
seconds separation between 
primary and backup com- 
mand. 

None. 

None. 

Backup H 

Failure: Timed sequence 
does not turn off scientific 
instruments before high-g 
entry. 

Backup: All turn-off com- 
mands are repeated when 
acceleration switch signal 
is sensed. 

None. 

None. 

Backup I 

Failure: Acceleration switch 
does not actuate during entry 
(consequently, there is no 
reset signal either). 

Backup: Switch actuation 
is simulated by timed sig- 
nal at E+180 sec. Reset is 
simulated by timed signal 
at E+207 st<~ 

Failure: ^ceieu'li on switch 

does no* reset after proper 
actuation. 

Backup: Switch reset simu- 
lated by timed signal at 
E+54 seconds. 

Actuation (and reset) 
failure: SN and SNFR 
data will be all zeros 
until E+208 seconds. 
Blackout format will 
remain inTil E+208 
instead of E+46 seconds. 
Bus current will be 
below expected value. 
Reset (only) failure: 
Eight second delay in 
format and data rate 
transition. 

Delay in transition of 
format and data rate must 
be accounted for in real 
time data processing. 
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TABLE 5. 2. 3-2 (Continued) 


Designator 
Used in 
Mission 
Sequence 

Description of Failure 
and Backup Provided 

Effect on Spacecraft 
Signature 

Effect on Ground 
Operations 

Backup J 

Failure: A particular com- 
mand is not executed due to 
a random failure of the C/ 
DU. 

Backup: Most commands 
are re-issued periodically 
during the sequence. 

A variety of anomalies 
are possible depending 
on which command 
execution fails and when 
the next backup com- 
mand is sent. 

Ground may observe 
anomalies or there may 
be no effect depending 
on specifics of failure. 
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TABLE 5. 2. 3.1-1 


PREDICTED SMALL PROBE TRANSMIT FREQUENCIES 
AT TIMEOUT (ENTRY MINUS 22 MIN.) 


SMALL PROBE 1 

SMALL PROBE 2 

SMALL PROBE 3 

SPARE OSCILLATOR 

(SN003 OSCILLATOR) 

(SN002 OSCILLATOR) 

(SNOOl OSCILLATOR) 

(SN004) 

MH Z 

MH Z 

MH Z 

MHz 

Normal* 2292. 282158 

2292. 437486 

2291. 393850 

2291. 552197 

Tolerance* +. 000300 

+. 000400 

+. 000500 

+. 000300 






’(‘Nominal frequencies and tolerances listed are based on measured performance 
over a two-year period (>10% margin included). 

Specified tolerance is < +_. 002300 MH^. 
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AFT SMEcF TEMP€«ATUHC NO 1 



FIGURE 5 2 1-5 SMALL PROBE AFT SIOE. AFT SHELF 


5.2-38 


ct-cuti 











Section So. S.2.3.2 

Doc. Ho. PC -403 

Orig. Issue Date S/22/1% 
Revision Ho. ____________ 

Revision 



rORWARO S mELF 

temperature NO 1 

iSXFWl T5 


FIGURE 5.2.1 
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**** **** 

**** This Figure is a Foldout. **** 

**** **** 

**** See IPFEMDIX C 

*♦** *♦** 


***************************************** 
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Figure 5.2 .2.2-1 
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It - AZIMUTH OHICNTATION MEASURED IN A POSH IVE SENSE ABOUT *Z AXIS FROM *X AXIS 

$ - ELF VATI ON ORIENTATION MEASURE DIN A POSITIVE SENSE ABOUT IX AXIS FROM «Y AXIS 

Z ■ STATION MEASURED ALONG Z AXIS FROM 0.0 REFERENCE AT AFT FACE OF FORWARD 
HEMISPHERE MOUNTING INTERFACE I l ANOE, 

NOTES 

1) SNFR SENSOR IS PERIODICALLY ROTATED IB0° ABOUT -Y AXIS WITH VIEWING ALTERNATING 
BETWEEN 0 ■ 90 DEO AND 9 - 270 DEO 

FIGURE 5.2.2. 3.2-1. SMALL PROBE SCIENTIFIC INSTRUMENTS AND ANTENNA LOCATIONS AND FIELDS OF VIEW 
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Figure 5. 2. 3-1. Small Probe 1 Entry Trajectory 

Parameters 
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Figure 5.2. 3-3. Small Probe 3 Entry Trajectory Parameters 
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Figure 5.2. 3-4. 


Small Probe 1 Altitude Versus 
Descent Time 
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NOTES: 

1. Oscillator turnon at E-20. .riin. 



Figure 5. 2. 3. 1-1. Stable Oscillator Frequency CAlihration 

Small Probe 1 (SN003 Oscillator) 
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NOTES: 

1. Oscillator turnon at K-202 min. 


2. All environmental effects included. 

♦3 T 



time of Entry 


to ttoo 

3 5 P-8 
tr K"f • 
S’ S'-? 

a pm* 
M 
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■u 


♦58 ♦fio 


r* — H TIME PROM NOMINAL ENTRY - MIN 

PROBE ENTRY 

OESPIN (Uncertainty 
" + 2 min) 


Figure 5.2.3, 1-2, Stable Oscillator Frequency Calibration 

Small Probe 2 (SN002 Oscillator) 



15 - 3 "? 


NOTES: 

1. Oncillator turnon at E^02 min, 

2, All environmental effect! included. 



DESP1N (Uncertainty 
■ + 2 min) 

Figure 5. 2, 3. 1-3. Stable Oscillator Frequency Calibratioi. 

Small Probe 3 (SN001 Oscillator) m 
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1. Oh dilator turnon at E-202 min. 



DESPIN (Uncertainty 
■ + 2 min) 

Figure 5. 2. 3. 1-4, Stable Oscillator Frequency Calibration 

Spare Unit - SN004 
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APPEHD1X A 

TELEHETRI REFERERCE DATA 


(BT SPACECRAFT SOBSISTEE GR00PIH6) 



z-t 


APPENDIX At TELEMETRY REFERENCE DATA (By 3/C Subsystem Orouptag) 


UBSYSTEMi (A. 1.1) Bus Spacscralt Level 


M 

MNE- 

MONIC 

TELEMETRY 

TITLE 

TM 

TYPE ti 
(UNITS! 

TELEMETERED RANGF. 

POWER 

SOURCE 

SOURCE DERIVATION 
AND REMARKS 


Telemetry 
Format Selection 

Overhead 
Word *3 - 
Digital 
(4 bltal 

18 Dlaorete levela - From 0000 lo 1111 - 
representing any one o f 10 salaried formate. 

I w. loads bus to 
ECU In TP that la 
ON to +SV line. 

location 2 of RAM (aoratoh pad 
memory). 

(None) 


Bit Rate 
Selection 

Overhead 
Word #3 - 
Digital 
(4 blta) 

16 Dlsorew levela •• From 0000 to 2111 - 
representing any one of 13 seleoted bit 
rates. 0000 - 0 bpei 1100 or 1101 fir 1110 
or lilt • 4096 bpa . 

Sw, loads bus to 
ECU In TP that Is 
ON to +6V line. 

Location 2 of RAM (scratch pad 
memory). 

(bpa) 


Spacecraft ID 

Overhead 
Word #4 - 
Digital 
(2 btta) 

00 * Bus 
10 re Orblter 

Sw, loads bus to 
ECU Id TP that Is 
ON to +5V line. 

location 14 of RAM (aoratoh pad 
memory). Pin programming la 
sampled and stored In RAM. 

(None) 

D8CIDC 

Minor Frame 
Count 

Overhead 
Word #4 - 
Digital 
IB bltil 

000000 = Frame #0 

e • 

• • 

111111 v< Frame #83 

Sw. loads bus to 
ECU In TI that Is 
ON to *5V line. 

Location 14 of RAM (aoratoh pad 
memory). 

(Decimal) 



APPENDIX At TELEMETRY REFERENCE DATA 


(By 8/C Subsystem O rouping) 


I 

U> 


SUBSYSTEM! (A. 1.2) Probe ftrgW Level 


—TO — 

MNE- 

MONIC 

TELEMETRY 

title 

TYPE t 

(UNITS) 

TELEMETERED RANGE 

POWER 

SOURCE 

SOURCE DERIVATION 
AND REMARKS 

DNHTItS 

Data Storago 

I’robe TM 
Formal 
rtvorhead 
Word ':t- 
Digtul 
llllt 0) 
l None) 

1 « Storing 
0 « Not Storing 

t28V ICheckoul 
pwr or inte rnal 
pwr) to ECU to 
•»sv line in CDU. 

Data Storage Memory * 
Fllprdop Output. 

CXASUS 

Acceleration Switch 
Status 

Probe TM 
Format 
: tvurhead 

■Voi-d “3 
tmt i) 
iNonei 

1 » switch actuated 
0 - switch not actuated 

” 

Multiplexer logic - Inverter 
output. 

CuTSWS 

Thermal T.vllch Status 
(Large Probe only) 

I’robcTM 
Format 
Overhead 
•Vortl "3 
(lilt 2) 
(None) 


*t 

Event Logic - Inverler Ouipui, 


Probe ID 

I’lubeTM 
Format 
Herhe.id 
Word ‘'3 
[Bits 3 Jti t 

<v~'W ~ 

11 *• Large Probe 

00 " Small I’robo 1 

01 «■ Small Probe 2 
10 Small l’robo 3 

” 

Sync 1# ID Generator Logic: 
+ 5V to 10K Ohm. Derived 
from pir. programming 


Format Status 

Probe TM 
Format 
r ’verhcarl 
WoVt\ * .1 
mts.-iHif 
[None) 

Blnarv 

fount: 

For Small 
Probe: 

For Large 
Probes 


Formal i«W ct Logic. Two 
parallel inverter* to f>. l K to 
*5V. 

00 

Upper iX’Bcont 

Descent 

u 

Ti" 

isini’ltoin 
Loner Descent 

Blackout 

"Spare 

. — . — 

nit Kate Statua 

I’robc TM 
Format 
Yorhcad 
.Ford * 3 
:m 7i 
;T . TST 

Binary 
Count ; 

For Small 
Probr; 

For Large 
Probe: 


Countdown L bit Rale Select 
Logic • NAND Gate Output, 

1 

IM )>|>B 
10 bps 

200 bps 
12V bp* 



< 


O 

0 


t(GOM 

9 n o 9 
•» 

Kf 

o'mo 8 

8 (A * 

(0 


w 

2 


* c 
0 * 
» 

o 

» 

r*> 


iBl 


9 lore 


v» 
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APPENDIX Ai TELEMETRY REFERENCE DATA 


(By S/C Subtyttea 0 rouping) 



Issue Date 















APPENDIX At TELEMETRY REFERENCE DATA 


(By S/C Subsystem Grouping) 


V* 


SUBSYSTEM 1 (A. 4) Struciure/Harneee 


TM 

MNE- 

MONIC 

TELEMETRY 

TITLE 

aftETTE 

1S5EE1 

TELEMETERED rance 

POWER 

SOURCE 

SOURCE DERIVATION 
AND REMARKS 

SHLSlT 

Shelf Tempera- 
ture 1 

AC <°F) 

69 Counts ■ -90°F 
229 Counts - +196°F 

Sw, loads bus to DIM 
1 & precision 1.0 
mllll amp output. 

Tbsrmtator, 908631-32. 

SHU2T 

Shelf Tempera- 
ture 2 

AC (°F) 

69 Count! ■ -8*j°P 
226 Counts * +194 °P 

Sw, loads bus to DIM 
1 Si precision 1,0 
mllllAmp output. 

Thermistor, 908631-32, 

SHU3T 

Shelf Tempera- 
ture 3 

AC (°F) 

69 Counts - -75°F 
226 Counts - +204°F 

Sw, loads bus to DIM 
1 & precision 1.0 
mUlUrnp output. 

Theimlstor, 908631-32. 

SHLS4T 

Shelf Tempera- 
ture 4 

AC (°F) 

69 Counts * -74°F 
226 Counts * +203°F 

Sw, loads bus to DIM 
3 & precision 1,0 
mllll amp output. 

Thermistor, 908631-32. 

SHLS5T 

Shelf Tempera- 
ture 5 

AC f°F) 

69 Count* * -66°P 
226 Count! - +222°P 

Sw, loads bus to DIM 
3 <i precision 1.0 
mllllamp output. 

Thermistor, 908631-32. 

SHLS8T 

Shelf Tempera- 
ture 6 

ac (°r, 

69 Count! ■ -68°P 
226 Count! - +2ll°P 

8w. loads bus to DIM 
3 t precision 1,0 
mllllamp output. 

Thermistor, 906631-32. 

SULS7T 

Shelf Tempera- 
ture 7 

AC (°F) 

69 Count! " -*>7°P 
226 Count! - +220°P 

Sw, loads bus to DIM 
5 <i precision 1.0 
mllllamp output. 

Thermistor, 908431-32. 

siilSbt 

Shell Tempera- 
ture 8 

AC <°F) 

69 Count! “ -68°p 
226 Count# - +21l°P 

Sw. loads bus to DIM 
S Si precision 1. 0 
mllllamp output. 

Thermistor, 906631-32, 

SHL09T 

Shelf Tempera- 
ture 2 



AC (°F) 

69 Counts - -8'j°F 
226 Counts * +194°F 

Sw. loads bus to DIM 
6 Si preolslon 1.0 
mllllamp output. 

Tbeimistor, 908631-32. 


S’ 

r 

■ 



Orig. Issue Date 

























APPENDIX Ai 


SUBSYSTEM! (A. 2) Struoture/Ilamesa 


TM 

MNE- 

MONIC 

TELEMETRY 

TITLE 

K&flB 

1BSEEB 

TELEMETERED 

SHL10T 

Shelf Tempera- 
ture 10 

AC (°F) 

69 Count a - -60 U P 
226 Counts - +219°P 

SHL11T 

Shelf Tempera- 
ture 11 

AC (°F) 

_ . . 

69 Counts -60°P 

226 Counts - +219°P 

■ 

Shelf Tempera- 
ture 

AC (°F) 

69 Counts - 
226 Count ft - +226°K 

S1RKLS 

Small Probe 1 
Slowed/ Ke - 
leased Status 

mi 

1 = Stowed 
0 Released 

»2RELS 

Small Probe t 
Slowed/ He - 
lease Status 

31 

1 Stowed 

0 Released 

■ 

Small Probe 3 
Stowed/Re- 
leased Status 

03 

1 - Slowed 
0 a Released 

SLR ELS 

Lar#* Probe 
Slowed/ Re- 
leased Status 

33 

1 = Stowe«J 

0 - Released 

■ 

Bus Neutral 
Mass Spectro- 
meter (BNMS) 
T emperature 

■ 

69 Counts « -54 h P 
226 Counts - +224°P 

8BIMST 

Bus Ion Mass 

Jpectrumptp r 
(BIMS) Temp- 
erature. 

m 

69 Counts " -6^°F 
226 Counts - +213°F 


REFERENCE DATA 


(By S/C Sub iy item 0 roup Inf) 



Issue Date 












































APPENDIX Ai TELEMETRY REFERENCE DATA (By 8/C Subsystem Grouping) 


SUBSYSTEMt (A. 3) Control 


TM 

MNE- 

MONIC 

TELEMETRY 

TITLE 

jggjgBI 

■BB5E* 

TELEMETEPED RANCE 

POWER 

SOURCE 

80URCE DERIVATION 
AND REMARX8 

AADP1S 

Attitude Data 
Processor 1 
ON/OFF 

BL 

(None) 

0 * OFF; 

1 s ON. 

Sw, loads bus to 
(A DP 1 power oonv. 
to +5V line). 

Output of 5. 1 K ohm resistor 
connected in series to +5V line in 
A DP 1. (Isolation Resistor) 

AADP2S 

Attitude Data 
Processor 2 
ON/OFF 

BL 

(None) 

0 ^ OFF) 
l=ON. 

Sw. loads bus to 
(A DP 2 power oonv. 
to +5V line). 

Output of B. 1 K ohm resistor 
connected In series to +8V line In 
ADP 2. 

AJCE1S 

Jet Control 
Electronics 1 
Duller Output 
Status 

BL 

(None) 

0 a Disabled; 

1 = Enabled. 

Sw. loads bus to 
(A DP 1 conv. to 
+15V line) 

Resistor divider output from Q2A In 
microcircuit assembly DP2C in 
ADP 1. 

AJCE2S 

Jet Control 
Electronics 2 
Buffer Output 
Status 

BL 

(None) 

0 55 Disabled; 

1 S Enabled. 

Sw. loads bus to 
(A DP 2 oonv. to 
+1SV line). 

Resistor divider output from Q2A 
In mloroolroult assembly DP2C In 
ADP 2. 


4 

S’ 

S’ 


tt 
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Section lo. ippuodix i 

doc. »o. .re-aaa 

Orig. issue Date 5/22/78 
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SUBSYSTEMi (A. 3) Control 


APPENDIX Ai TELEMETRY REFERENCE DATA 


(3y S/C Subsystem O rouping) 


* 

M • 


TELEMETRY 

TITLE 


•1BRM PS1* B righto** ■ 



A*1THS PSI* Thre»hold 
Setting 


TELEMETERED RnNOE 


POWER 

SOURCE 


SOURCE DERIVATION 

AND REMARKS 


0 Count* ■ 0 Volt* 

255 Counts - +5. 10 Volta 


The equivalent silicon magnitude 1* related 
non-llnearly to TM volte, via parameter* of 
sensor temperature, bandpass state, S/C 
spin rate, and star elevation angle w.r.t.san 
sor ooresigftt axis. Exact relationship is 
described In Ref: Par. I. 5.23. 


Sw. load* bus to PSI* PSI* Detector to i 
power converter to 
+15V, -15V and *«V 
lines. 


: detector. 


AN 0 Counts - 0 Volts | Une 

(Star 255 Counts ■ 5. 1 Volt* l 

Magnitude) The eight threshold aet tin^s 
Threshold Setting (NOTE 


Linns are: 
MILLIVOLTS 
NOTE 1) (NO 


PSI* Bandpass and Threshold 

Register. 

NOTE It Pr on Ref. 1.5.23, given 
lew. telemetered resolu- 
tion. 

NOTE 2: Proto RAC system tests, 
given 20 ev. tele- 
entered resolution. 


A*2BRM PSI2* Brightness AN 

(Volts) 


•2TH8 PS12* 

Threshold Set- 
ting 


Some as for A*1BRM. 


AN 0 Counts - 0 Volt* 1 UoMr 
(Star Mag- 255 Counts - 5. 1 VolU 1 
nltude) The eightthre.hold 

(Threshold Setting (NOTE 11 I NO 


Sw. loads bus to PSI2* pgjgs Detector to variable Thresb- 
Powsroonv.to +15V, hold Detector. 

-16V end *SV line*. 

Sw. loads bus to PSIZ* Baixfees* sod Threshold 

PS2* power conv. Regieter. 

to +15V, -15V and l; R(|f t.5.23, given 

-»4V lines. lew. telemetered resolu- 

tion. 

NOTE 2i Proa HAC System# Tests, 
given 20wv. telemetered 
resolution. 


Issue Date 










APPENDIX Ai TELEMETRY REFERENCE DATA (By S/C Subaystem Grouping) 


SUBSYSTEM) (A. 3) Control 


TM 

MNE- 

MONIC 

TELEMETRY 

TITLE 

185551 

TELEMETERED RANGE 

POWER 

SOURCE 

SOURCE DERIVATION 
AND REMARKS 

A'lONS 

PSI* ON/OFF 

BL 

(None) 

0 3 OFF) 
is ON. 

Sw. loads Bus to 
PSI* Power Conv. 


A *20NS 

PSI2* ON/OFF 

BL 

(None) 

0 3 OFF) 
1= ON. 

Sw. loada bus to 
PSI2* Power Conv, 



Star Senaor 
Temperature 

AC (<>F) 

94 Counts * +8. 9°F 
147 Counts * +106. 8°F 

, 

Sw. loada bua to DIM 
7 and preolalon 1.0 
mUlt amp output. 

Thermistor, 90*831-32. 

■ 

PSI* Bandpaas 
State Statua 


0 3 HI (19 Hi)! 
13 LO (2 Hz). 

Sw. loada bus to PSI' 
Power conv. to +15V 
aud -15V tinea. 

PSI* Bandpass and Threshold 
Register. 

1 

PSI2* Bandpasa 
State Status 

BL 

(None) 

0 3 H (19 Hz)) 

1 = -JJ (2 Hz). 

Sw. loads bus to 
P8I2* power ooov, 
to +16V and -15V 
lines. 

PSI 2* Bandpaas and Threshold 
Register. 

1 

AT ‘Tl'DE 
MEASUREMENT 

SD (8 
LSBs of 
10 bit 
word*;. 
(Seconds) 

0 TM Counts s 0 Seconds! 

CS33S TM Counts = 16.38 Seootd*. 
(Resolution * 0. 25 mseo). 

Sw. loads bus to 
ADP that ts ON to 
Its converter and 
to +5V line. 

Output of 16 bit counter In micro- 
circuit assembly DP1M In ADP that 
la ON. Count start and atop con ■ 
trolled tn turn by selection of azi- 
muth time measurements (measure- 
ments A and B). 

Attitude 

Measurement 

ATTM2Z 

Attitude 

Meaaurement 

SD (8MSBR 
Of 16 bit 
words). 
(Seconds) 


I 

v© 
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APPENDIX At TELEMETRY 


SUBSYSTEM! (A. 3) Control 


TM 

MNE- 

MONIC 

' r EI.EMETRY 

TITLE 

ITT— 

E 

TELEMETE ED P.ANGE 

AM1ADS 

Measurement A 
Address 


t> Disc rets levels - from 000 to 101 - 
representing any one of 6 sztmuthsl time 
measurements from SRR.(110SM1P on 
Orbiter; is excl. on Bus). 

A M2 ADS 

Measurement B 
Address 

SD 

(3 bits) 
(None) 

6 Discrete levels - from 000 L 101 - 
representing any one of 6 azlmu. «1 time 
measurements from SRR. (1 10~N P on 
Orbiter; is excluded on Bus). 

ATTMSS 


SD 

(1 Bit) 
(None) 

0 » Attitude Measurement applies for 

Measurement B; 

1 r> Attitude Measurement applies for 

Measurement A. 

m 

A DP STATUS 
JCE Countdown 

SD 

(12 Bits' 

o to 4095 Pulse Counts. 

(Declr* 1 ' 
pulse 
counts. If 
AMAGCS 

- li 

Seconds If 
AMAOCS 
-0.) 

0 Counts s 0 Seconds) 

4095 Counts 9 2098. 64 seoonds. 

A PULLS 

Pulse Width 
Select. 

SD (1 Bit) 
(Mllll— 
sec or. '■> of 
Pulse 
Width), 

0 -3 128 milliseconds pulse wldlh selected) 
1 55 512 mllllseoonda pulse width selected. 


ENCE DATA (By S/C Subsystem 0 rouping) 


POWER 

SOURCE 

SOURCE DERIVATION 
AND REMARKS 

Sw.losds bus to ADI 
that Is ON to Its 
converter and to 
+5V line. 

8torage registers vif and U16 (3 
bits total) in mloroolrcult assembly 
DP1D In ADP that Is ON. 

Sw. loads bus to ADI 
that la ON to its 
oonverter and to 
♦5V line. 

Storage register U16 (3 bits total) 
lo mloroolrcult assembly DP1D In 
ADP that Is ON. 

Sw. loads dus to 
ADP that Is ON to 
Its converter and to 
+5V line. 

Storage register U14 In micro- 
circuit assembly DP1H In ADP that 
is ON. 

Sw, loads bus to 
ADP that la ON to 
Its oonverter and 
to +5V line. 

Jet sequenoe oo verier in mloro- 
olrcult assembly DP3B In ADP that 
Is ON. 

Sw. loads bus to 
ADP that in ON to 
Its converter and 
to +5V line. 

Storage register UPS In mlcro- 
olrcult assembly DP1E In ADP that 
is ON. 













APPENDIX Ai TE LEMETRY 


StIBSYSTEMi (A. 3) Control 


1 TM 
1 MNE- 
MONIC 

TELEMETRY 

TITLE 

§mSV"l 

TELEMETERED RANC1E 

AM AGO 

indsc/TIme 
Count .'Select 

SD (l Bit) 
(None) 

0 Time Count icleoted for AJMAGC) 

1 «r IMlse Count selected for A.'MAOC. 

'.If'TNK' 
(Wore! 2, 
Bit 6) 

Continuous/ 
Pulse Fire 
Scleot 

SI) (1 HU) 
(None) 

L 

0 3 Pulse Fire aelccicdi 

1 s Continuous Fires selected, 

ASDET8 

Spin Rate 
DeUotor 

m 

0 a Inhibited! 

1 ■ Enabled. 

AJETMS' 
[Word 3, 
Bit 0) 

Norm ul/Al In- 
nate Fire Mode 


0 e Alternate fire selected) 

1 Normal fire selected. 


9 » 

» 


DATA 


(Tty 8/C ftibsyatsm Orouping) 



POWER 

SOURCE 

SOURCE DERIVATION 
AND REMARKS 


Sw. loads bus to 
At>P that Is ON to 
Its converter and to 
+SV line. 

Stoiage register U2J la mtoro- 
olroult assembly DP1E la ADP that 
la ON. 


Sw. loadi bus to 
A DP that Is ON to 
Its oonverter and 
to +5V Him. 

Storage regtiter U23 la mlaro- 
olroult assembly DP1E la ADP that 
1* CN. 


Sw.loads bus toADP 
that la ON to luooa" 
verier and to +6V 
line. 

Storaga register U23 la aloroolr- 
oult assembly DP1E to ADP that Is 
ON. 


Sw.loads bus to A Dl' 
that Is ON to Its 
converter and to 
+DV line. 

Storsgs register U22 la mlorootr- 
oult assembly DP1E in ADP that ts 
ON. 


% 

* 

I 
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APPENDIX Ai TELEMETRY 


SUBSYSTEM) (A. 3) Control 


TM 

MNE- 

MONIC 

TELEME1RY 

TITLE 

TM 

TYPE A 

tvwrfw 

TELEMETERED RANGE 


ASP STA.TVg 

(Continued) 

JCE Flro 
Enable Statu a 

■ 

0 ■ Dleabledi 

1 ■ Enabled. 

■ 

Star Gate A| 
Channel 1/2 
Select 

SD(1 Bit) 
(None) 

0 ■ Channel 2 <**2) Seleotedi 

1 ■ Channel 1 ( * •) Seleoted, 

A*OBSS 


SD(1 Bit) 
(None) 

0 * Channel 2 ( * »2) Seleoted. 

1 * Channel !(*•) Seleoted, 

ASUNSS 


SD (2 Blta) 
(None) 

3 Dtsoreto levels - from 00 to 13 - repre- 
senting any one of three sun earner ranges 
aoleoted. 

1 

Sun/Star Select) 
Simulated SRR 
Seleot 

SD<2 Blta) 
(None) 

Bit 8i 

0 9 Star Seleotedi 

1 * Sun Seleoted, 

Bit fli 

0 ■ Simulated SR R Seleotedi 

1« BTtrt Seleated. 

A*ACQ8 

u§§ 

R 

0 Normal Seleotedi 

1 sf Star Aoqulaltloo Seleoted, 

ASPINS 

PLl. Spin Range 
Select 


4 Discrete levels - from 00 to 11 - repre- 
aenttng any one of four spin ranges aeleoied. 

4 LOLLS 

PLL Loae of 
took Enable/ 
Inhibit 


0 Waabledi 

1 ••• Enabled. 






ASUNGS Ennble/Dlsahle 
Sun Ciatc 


0 • Disabled) 

1 - Enabled. 


DATA 


(By S/C Subsystem 0 rouping) 


POWER 

SOURCE 

SOURCE DERIVATION 
AND REMARKS 

Sw.loada bus to A DP 
that la ON to Its oon- 
verUr A lo+BV line. 

Main gate UlSD In mloroolreult 
assembly 08PB In ADP that Is ON. 

8w, loads bus to A DP 
that la ON lolts con- 
verter A to +BV line. 

Storage register U21 In mloroolr- 
ouit assembly DP1F la ADP thst Is 
ON. 

Sw, loads bus to A DP 
that Is ON to It* oon- 
vertor t to +5Vl!ne. 

Storage register U22 tn mlcroetr- 
oult sssembly DP1F In ADP that Is 
ON. 

Sw, loads bus to A DP 
that is ON to Its con- 
verter A to +SV line. 

Storage register P22 (2 bits total) 
In mloruolroult assembly DP1F In 
ADP that Is ON. 

Sw.loada bus to A DP 
that la ON to Its con- 
verter A to esv line. 

Storage regtater U22 A U23 (2 blta 
total) In mloroolroutt assembly DP1F 
In ADP that la ON. 

Sw. toads bus to ADP 
that la ON to Its con- 
verter A to *5 V line. 

Storage register U23 In mloroolroutt 
assembly DPI F In ADP that la ON. 

Sw.loada bus to ADP 
that la ON to Its con- 
verter A to +BV lino. 

Sturage register U21 (2 blta total) In 
mloroolreult assembly DP1F In ADP 
that la ON. 

Nw. kstLibux to ADP 
that la ON tolls con- 
vertor A to *8 V lino, 

Storage reglater l.'21 In mloroolreult 
uaaemuly DP1F In ADP that la ON. 

S'", loads bus to ADP 
that Is ON to llr con- 
verter A to *3 V line. 

Storaga regtater U23 In mloroolreult 
assembly DPI F In ADP that la ON. 
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APPENDIX At TET.EMETRY REFERENCE DATA (By 8/C Subsystem Owuptaf) 


SUDSYSTEMt (A. 3) Control 


TELEMETRY 

TITLE 



TELEMETERED RANGE 


0 . Not Advene ed| 

1 • Advanoed. 


POWER 

SOURCE 


Sw. loadabueto ADP 
that li ON to IU ooo- 
veriarto+SVIlDs. 


SOURCE DERIVATION 
AND REMARKS 


Kongo reglater lAI Is mlorooiroult 
asembly DPI F In ADP AM to ON. 


Prob. Ralaasa pules not^ gsnaralad Sw. load* bus to .'-K KLIP-FLOP UZ8A to micro- 

Proba Ralaaax pulaa grnrratrd ADP that ta ON to circuit aaaambly DP4L to ADP 


RIPAD Roll Index Delay 
Magnitude 




0 TM Counta ■ 0 Dogma I 
1034 TM Couolo ■ 366.68 Dagrtoa. 
Raaolutlon as 0, 351 Dtgraoa. 


RD(i nit) 0 s Loaa of Looki 
(Nona) 1 a No Ixtaa of Look. 


itt convirlar to 

t5V Una. 

Sw. loads bua to ADP 
that la ON to Its oon- 
verier to *5V It- • 


that is ON. 

Storage reflate re ua4, Ufa * vn (I 
bite total) to mlorooiroult aaaambly 
DPI F la ADP that la ON. 


Sw. loads bua to A DP Storage rtjlatar U31 Id mloroolroalt 
that la ON to Ita oon- assembly DPI F la ADP that la ON. 
verier ft to +6 V line. 


SD(4 Bits) 0 Dlaoratc lavala from 0000 to 1000 • repra- Hw. loads bua to ADP Storage register U31 la mloroolroalt 
(Oeatmal aanllng number of euooeaalve out-of-PLL- that la ON to Ita oon- Maembly DP4K In ADP that Is ON. 
Counts) Look SRR pulses. verier to «6V line. Counter lsa4-bttoouat*ri3btt*are 

used (Or the oouat ft the 4th Mt la ao 
overflow Mb 


0 TM Counts • 0.383 Degree* i 
1034 TM Counta a 360. 00 Deg rt as. 
Rtaolulion ■ 0. 382 Degree** 


0 TM Counts m 0 Second »i 

65835 TM Count* at 18,384 Seconds, 

Resolution m 0. 25 mllllieoond*, 


Sw. loads bua to ADP 
that 'a on to Ita con- 
verter to +5V line. 


Sw, loads bua to ADP 
that la ON toll* oon- 
verter to*5V line. 


Rorage regleteie U34, 1)38 5 U36 
[10 bite total) In mloroolroalt aeeem- 
>ly DPI E In ADP that la ON. 


Rorage regia ter a U17, U18, U13 6 
Li 20 (16 bite total) In mloroolroult 
assembly DPI D In ADP that la ON. 


5 YSH 

H* H»«4 a «♦ 
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APPENDIX Ai TELEMETRY REFERENCE DATA (By 8/C Subsyatem Orouptnil 


SUBSYSTEM! (A. 4) Propulsion 


TM 

MNE- 

MONIC 

TELEMETRY 

TITLE 

TM 

TYPE It 
(UNITS! 

TELEMETERED RANGE 

POWER 

SOURCE 

SOURCE DERIVATION 
AND REMARKS 

VJET6T 

Aft Axial J«( 8 
Tampa ratur* 

AC <°F) 

33 Counte ■ -298°F 
216 Counta ■ +212°F 

8w. loads bua to DIM 
1 h praotatoo i.o 
re Ull amp output 

Tbarmlstor, 008383-4. 

'/LIN1T 

PropaUant Una 
Temperature 1 

AC (°F) 

99 Counta ■ +17. 9°F 
2at 1 Counta - ->163. 1°F 

Sw. loads bua to DIM 
1 It praolalon 1.0 
mllllamp output. 

Thermistor, 903331-32, 

VT.IN2T 

Propellant Una 
Temperature 2 

AC <°F) 

96 Count a • e 17, 9°F 
2 14 Counta ■ + 163. I°F 

8w, loada bua to DIM 
1 t praolalon 1.0 
mllllamp output. 

Tbarmlstor, 908331-32. 

VL1N3T 

PropaUant Una 
Temperature 3 

AC <°F) 

90 Counta • + 17.9°F 
211 Counta* + 163. I°F 

Sw. loads bus to DIM 
S It praolalon 1.0 
mllllamp output. 

Tbarmlstor, 903831-32. 

I'LINST 

Propellant Line 
Temperature 4 

AC <°F) 

99 Counta - +17. 9°F 
220 Counta • >163. 1 U F 

Sw, loada bua to DIM 
6 i praolalon 1,0 
mllllamp output. 

Tbarmlstor, 003331-12. 

vtankp 

Tank Preaeure 

AC (PSIA) 

0 Counta « 0 PSIA 

231 Counts ■ 393. 8 PSIA 

Sw.lotda bua to DrM 
6 <i praolalon 1.0 
mllllamp output. 

Potanttomatar type transducer. 

ITNKIT 

Tank 1 

Temperature 

AC (°F) 

lOlCounta* ♦17,9°F 
229 Counta » +103, l°F 

Sw. loads bus lo DIM 
S L praolalon 1.0 
mllllamp output. 

Thermistor, 003331-82, 

/TNK2T 

Tank 2 
Temperature 

AC <°F) 

90 Counta ■ +17. 9°F 
492 Counta ■ +163. 1°F 

Sw, loads bua fo DIM 
1 t praolalon ..0 
re Ull amp output. 

Tbarmlstor, 903391-32, 


7 

4 

S' 

S’ 

0 






APPENDIX Ai TELEMETRY REFERE) CE DATA (By S/C Subsystem Orouplng) 


SUBSYSTEM! (A. 4) Propulsion 


'IM 

MNE- 

MONIC 

TELEMETRY 

TITLE 

TM 

TYPE A 

TELEMETERED RANOE 

POWER 

SOURCE 

SOURCE DERIVATION 
AND REMARKS 

YJ12HS 

If -nd 112 Line 
IU ator Status 

AN (Amps) 

0 Counts • 0 Amps 
SO Counts * 0. 204 Amps 

Htr 'N" (nominal) - b i ma < tt 
Hu UFF"(iailursl - 0 mu • 2«V 

Essential bus down- 
stream of fusaa. 

Raalatlva divider, between negative 
terminal of Rl and R2 line beaters, 
and power ground. 

VJ34IIS 

R3 and P.4 Lint 
Heater Sinlua 

AN (Amps) 

Htr "ON" (nominal) • 42 ma | <F 
Htr "OFF"(tallur<) 0 ma 1 2hV 

Essential bus, dovth 
strosm o f fusts. 

Resistive divider, between negative 
terminals of R3 and R4 Una heaters 
and power ground. 

VLVPKS 

latch Valve 
Primary Heater 
Statu j 

A’’ (Amps) 

0 Counts • 0 Amps 
SO Counts - 0,001 Amps 

Htr "ON"(nominal) ■■ 4H m i | ('< 

Htr Ob :- "(l*il .ra) 1 2 HV 

F ittntial bus, down- 
stream of Primary/ 
Secondary Propuleion 
Tank heater select 
relay terminal (pri- 
mary line) and 
power (round. 

Rsslstlvs divider, between negative 
terminals of Latch Valve 1 heater. 
Latch Valve 3 beater, FID 11 Use 
heater, FAD #2 line beater - all 
Had together • and power ground. 

I'rDVHS 

Fill and Drain 
Valva Primary 
Heater Status 

* 

c. 

6 

< 

z 

s 

0 Cour ts * 0 Amps 
SO Croats « 0. 12S Amps 

Htr "ON"(iiomlnaI) * 74 ma f W 
Htr "OFF"((ailura) <54 ma | 2t*V 

Essential bus, down- 
stream of Primary/ 
Secondary Propuleion 
Tank hsstsr select 
relty terminal (prl- 
msty Una) sod power 
ground. 

Resistive divider, between negative 
terminals of FAD Valva (1 heater, 
FAD Valve #2 healer, FAD Valve#3 
heater, FAD #2 Oaa line - all tied 
together - and powet ground. 
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APPENDIX Ai TELEMETRY REFERENCE DATA 


(Bp 8/C Bubcpitm Orouptof) 


BUBSYSTEMi (/ 4) Propulilon 


TM 

MNE- 

MONIC 



VALV28 Litoh Valve 2 
OPEN/CLOSED 


viSsEl 

TELEMETERED RANflE 

POWER 

SOURCE 

L (None) 

0 a Cloaedi 

8w, loada bua to DIM 


1 3 Opto. 

2 A praolalon 1.0 
mtlllamp output. 

L (Nona) 

0 a Cloaedi 

8w, loada bua to DIM 


1 a Open. 

2 A praolalon 1.0 


mltllamp output. 


SOURCE DERIVATION 
AND REMARKS 


Litoh Vilvo 1 meohanlam. Switch la 
grounded for "valvo oloaed" ataUi 
opon for "vilvo opto" auto. 


Litoh Vilva 9 moohiolam. Switch to 
g rouodad for "vilvo oloaed” atatat 
opto for "vilvo opto" atata. 


1 1 AC <°F) 38 Count! - -29S°F 

re 218 Count! * ♦212°F 


VJET2T Radial Jet 2 
Temperature 


VJET3T Radial Jet 3 
Temperature 


VJET'T Hidtil Jet 4 
Temperature 


AC (°F) 


38 Count! - -298 F 
218 Counta - +212°F 


AC {°FJ 38 Counta * -298 °F 
218 Counta • ♦212°r' 


AC (°F> 38 Counta ■ -298°F 

218 Count! • +212°F 


VJET8T Forward Axial AC (°F) 38 Counta - -298°F 

Jet 8 Tempera- 218 Counta ■ +212°F 

tura 


Sw.loida but to DIM 
1 A praolalon 1.0 
mltltunp output. 


harmlator, 902882-4. 


Sw. loada bua to DIM Theretator , 908881-4. 
1 A praolalon 1.0 
mllll amp output. 

8w, loada bua to DIM Tharmlator, 908883-4. 
C A precision 1.0 
mtlltamp output. 

Rw, loidi hue to DIM Tharmlator, 908483-4. 
8 A praolalon ' 0 
mllll amp output. 

Bw. load! bua to DIM Tharmlator, 908883-4, 

8 A praolalon 1.0 
mtlltamp output. 




















APPENDIX Ai TELEMETRY REFERENCE DATA 
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(By 8/C Bubayatem 0 rouping) 


SUBSYSTEM) (A. J) Data Handling 


t»: 

MNE- 

MONIC 

TELEMETRY 

TITLE 

TM 

TYPE t 
(UNITS) 

TELEMETERED RANGE 

POWER 

SOURCE 

SOURCE DERIVATION 
AND REMARKS 

DCLOK1 

Spacecraft 
Clook (8 MSB) 

8D 

(24 Bite) 
(Seoonde) 

0 TM Counta a 0 Second*. 

(2 M - 1) TM Counta a 2,097,361 Seoonde 
(• 24. 27 Daya). 

Resolution a 0. 126 Seoonde. 

8w. load* bue to ECU 
in TP that la ON to 
♦6V line. 

Looation 10, 11, t 12 of RAM 
(aoratoh pad memory), Origin of 
RAM update le minor frame rate 
algnal counted down from 1,046 MHa 
olock in TP that le ON. 

DCLOK2 

Spacecraft 
Clock (8 Middle 
B1U) 

DCLOK3 

Spacecraft 
Clock (8 L8B) 

DPCMJS 

PCM Enooder 1 
ON/OFF 

BL 

(None) 

0 a OFF 

1 a ON 

8w, loade hu* to 
Power Supply In 
PCME1 to +6V line. 

Output of 1,0 Kohm reetetor 
connected In eertee to +8V line In 
PCMEl, 

OPCM38 

PCM Encoder 2 
ON/OFF 

BL 

(None) 

0 a OFF 

1 B ON 

Sw, load* bu* to 
Power Supply In 
PCME2 to +8V tine. 

Output of 1.0 Kohm reatetor 
connected in eertee to *8V line la 
PCME2. 

DPCM1V 

PCM Enooder 1 
Calibrate 

AC 

(Volte) 

0 Counta a o. 0 Volta 
286 Counta a +6. 100 Volta 

Sw, load* bu* to 
Power Supply In 
PCME1 to-lSVllne. 

Preolalon 1 mlUlampere our rent 
aouroe Into 4. 87 Kohm +0. 1% 
raalator. 

DPCM2V 

PCM Enooder 2 
Calibrate 

AC 

(Volta) 

0 Counta a 0.0 Volta 
268 Counta a +8. 100 Volf* 

Rw. load* bu* to 
Power Supply In 
PCME2to-18V line. 

Preolalon 1 mllllampert ourrent 
aouroe Into 4. 87 Kohm +0. 2% 
reatator. 

DTLM1S 

Telemetry 
Proceaaor 1 
ON/'FF 

BL 

(None) 

0 a OFF 

1 ■ ON 

Sw. load* bu* to ECU 
to +6V line In TP 1. 

Output of 6. 2 Kohm reetetor 
connected in eertee to +6V line In 
TP 1. 

DTLM2S 

Telemetry 
Prooeaeor 
2 ON/OFF 

BL 

(None) 

0 5 OFF 
la ON 

Sw. toad* bun to ECU 
to +5V line In TP 2. 

Output of 1, 2 Kehn reetetor 
connected in eertee to *5V line 
In TP 2. 
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APPENDIX Ai TELEMETRY REFERENCE DATA (By 8/C Subsystem 0 rouping) 


SUBSYSTEM) (A. 0) Command 




■n 

IuSEeI 

TE1 EHJ-1D RANOE 

POWER 

SOURCE 

80URCE DERIVATION 
AND REMARKS 

CMEMl 

Command 
Memory 1 
Readout 

SD (128 x 
24 Bits 
Maximum 
In 6-blt 
Segments) 

Any Commands sad Time Delays, 

Essential bus to CPI 
ECU to 46V and -12V 
lines. 

Command Memory la CPI. 

■ 

Command 
Prooeseor 1 
Receiver 
Reverse State 

BL 

(None) 

0 ■ Reverse Commanded) 

1 ■ Normal Commanded, 

f 

Essential bus to 
CPI ECU to +6V 
line. 

Output of 1 Kobm resistor connected 
to gate la series that Is pulled up by 
7.6 Kohm resistor ooaaeeted to+SV. 

■ 

Command 
Processor 1 
Power . utua 

BL 

(None) 

0 9 OFF) 

1 ■ ON, 

Essential bus to 
CPI ECU to +8V 
line. 

Output of 10 Kohm resistor connec- 
ted in series to +6V Una' In CPI. 

:rej2s 

CP2 Command 
Reject 

SD(1 Bit) 
(None) 

0 2 Real Time Command Is Aooepted) 

1 a Real Time Command Is Rejected, 

Essential bus to CPS 
ECU to +15V t +BV 
lines. 

Parallel la-ssrltl out 6 Mt shift 
register (U6) la telemetry logto 
module of CP2. 

:cmdx 

Command 
Processor 2 
Real Time 
Command Status 

SD (7 Bits) 
(Decimal 
Count) 

o TM Counts a 0 Commands) 

127 TM Counts a 127 Commands. 

(Number of real-time oommands verified ti 
exeouted alnoe last reset of oommand 
counter). 

~i,oc2s 

CP2 Stored 
Command Logto 
State 


16 Dtsorete levels - from 0000 to 1111 - 
representing any one of 16 operating states. 

Essential bus toCP2 
ECU to +16 V and +81 
lines. 

Parallel ln-ssrlsl out • bit shift 
register (U4) la telemetry logto 
module of CPS. 

:• JL2S 

; 

CP2 Stored Com- 
mand Logic ON/ 
OFF Status 

SD (1 Bit) 
(None) 

0 S OFF) 

1 « ON. 

-DMD2S 

CP2 Demod. 
Squeloh Status 

SD (1 Bit) 
(None) 

0 a Squelohed) 1 ■ Not Squelohed. 
(I.e. , signal la present). 



i 


8 


9L/Zt/$ •*»<! •n»*I 

Mfc-M" *01 •ooq 
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APPENDIX A> TELEMETRY 


W SUBSYSTEM! (A. 6) Command 


TM 

MNE- 

MONIC 

TELEMETRY 

TITLE 

TM 

TYPE li 
(UNIT 3) 

TELEMETERED HANOI: 


CPI Command 
Reject 

SD(1 Bit) 
(None) 

0 ■ Real time command la accepted! 

1 ■ Real time oommard la rejected. 

CCMDK 

Command 
Prooessor 1 
Real Time 
Command 
Statua 

SD (7 Bite) 
(Deolmal 
Count) 

0 TM Counte ■ 0 Commands 
127 TM Counte m 127 Com man da. 
(Number of reul-tlme oommanda verified 
t executed since laet react of command 
counter). 


CPI Stored 
Command Ix>gtc 
State 

SD (4 Blta) 
(None) 

16 Discrete levela - from 0000 to 1111 - 
representing any one of 16 operating etatce. 

m 

CPI Stored 
Command Loglo 
ON/OFF State 

SD (1 Bit) 
(None) 

0 » OFFt 

1 m ON. 

ujjji 

CPI Demod. 
Squeloh Statua 

SD (1 Bit) 
(Nore) 

0 * Squelched! 

1 9 Not Squelohed, 

(1. «. , etgnal la prate nt; 

1REV1C 

CPI MSB Blta 
of Receiver 
Reverae Timer 

SD (2 Bite) 
(Hours) 

00-0 Houra 1 Since Laet 

01 - 9.1 Hour* > Automatic 

10 - 18.2 Houra J ji <V oraal, 

11 • 27.3 Houra 

mm 

m 

CPI Separation 
(Switch) Statua 

SD (1 Bit) 
(None) 

0 9 Not Separated! 

1 a Separated. 


Command 
Memory 1 
AJdreaa Pointer 


0 TM Counts ■ First Command Memory 
Cell Looatloni 

127 TM Counte ■ 126th Command Memory 
Cell Location. 


!NCE DATA (By 8/C Subsystem Grouping, 


POWER 

SOURCE 

SOURCE DERIVATION 
AND REMARK8 

Eeaentlal bus to 
CPI ECU to +18V b 
+SV line*. 

Parallel in-serlal out • bit abUt 
register (U6) In Telemetry Logie 
Module of CPI. 

Eaaentlal bus to CPI 
ECU lo +16V li e5V 
lines. 

Parallel In-eerlal out 6 bit shift 
register (U4) In Telemetry Loglo 
Module of CPI. 



Easontlal but to 20V 
aaner dloda In CPI. 

Wiper arm of one pole of DPDT 
switch (apaceoraft /attach fitting 
aaparatlon awltob *1). 





Essential bui to CPI Parallel la-serlal out S bit ebtft 
ECU to +5V ti -lav register In SCL 1 (lnoludes 8SEP18), 
Hot*. 





























APPENDIX Ai TELEMETRY REPERENCE DATA (By 8/C Subaystem Grouping) 


SLB3YSTEMI (A.b) Command 


TM 

MNE- 

MONIC 

TELEMETRY 

TITLE 

TM 

TYPE 6 
(UNITS) 

TELEMETERED RANCID 

POWER 

SOURCE 

SOURCE DERIVATION 
AND REMARKS 

RRhV2C 

CP2 MSB Of 
Receiver 
Reverse Timer 

:>D(2 Bits) 
(Hours) 

01 • 9. 1 Hours l Since I.aat 

10 ■ 18. 2 Hours > Autom.itlo 

U « 27. 3 Hours ) Reversal 

Essential bus to CPS 
ECU to +1SV « +5V 
lines, 

Parallel In-serial out 8 bit shift 
register (U4) Is telemetry logic 
module of CP2, 

SSEP2S 

CP2 Separation 
Status 

SD (1 Bit) 
(None) 

0 ■ Not Separated; 

1 s Separated. 

Essential bus to 20V 
Zeuer dlods in CPS. 

Wipe r arm of one pole of DPDT swltob 
(spaoeo raf t/attaoh fitting separation 
swltob #2). 

C MEM2C 

Command 
Memory 2 
Address Pointer 

SD (7 Bits) 
(Decimal) 

0 TM Counts a First Command Memory 
Cell Locatloni 

127 TM Counts a 128th Command Memory 
Cell Loeatlon. 

Essential bus to 
CP2 ECU to +6 V* 
-12V lines. 

Parallel ln-sertal out 8 bit shift 
regliter In SCL2 (includes SSEP28). 

CMEM2 

Command 
Memory 2 
Readout 

SD (128 X 
24 Bits 
Maximum 
In 8-blt 
Segments) 

Any oommands and time delays. 

Essential bus to 
CP2 ECU to *8V t> 
-12V lines. 

Command Memory in CP 2. 

CREV2S 

Command 
Processor 2 
Receiver Reverse 
State 

BL 

(None) 

0 s Reverse Commanded; 

1 a Normal Commanded, 

Essential bus to 
CP2 ECU to +8V 
line. 

Output of 1 Kohra resistor oonneoted 
to gate In series that Is pulled up by 
7, 8 Kohm resistor that Is oonneoted 
to +5V, 

:pwr2s 

Command 
Processor 2 
Power Status 

BL 

(None) 

0 e OFF; 

1 3 ON. 

Essential bus to 
CP2 ECU to +6V 
line. 

Output of 10 Kohm resistor 
oonneoted In series to +6V line In 
CP*. 

C1T1MC 

Small Probe i 
1 utie r Ve r ifica 
lion 

SU (It. 
Hits) 

(Seconds) 

Coast Time indecimal seconds m (&t o -631 
truncated to the nearest \ ' 

decimal Integra- . ^ to ia eh# dssired 
coaat duration in decimal seconds. 

f28V(ckout pwr 
or internal pwr) 
to aw. regulator 

•»* +av m r.nn. 

Playback of Coast Timer Sot data 
from Coaat Timer taltmatry 
Verification Circuit. 

C2T1MC 

Small Probe l 
T imer Verifier 
tion. 
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APPENDIX Ai TELEMETRY REFERENCE DATA (By S/C Bubfyatem Grouping) 


SUBSYSTEM! (A. 6) Command 


TM 

MNE- 

MONIC 

TELEMETRY 

TITLE 

TM 

TYPE ii 
f UNITS) 

TELEMETERED RANGE 

POWER 

SOURCE 

SOURCE DERIVATION 

AND REMARKS 

C3T1MC 

Small Probe 
3 Timer 
Ve rification 

SD (16 

Bits) 

(Seconds) 

Coast time t n decimal seconds •JAto - 63 1 
truncated to the nearest 1 32 4 

decimal Integer. A to la the desired 
coast duration In decimal aaconda* 

♦28V (checkout 
power or internal 
poMwr) to aw. 
regulator to +5V 
in CDU. 

Playback of Coaat Timar set 
data from Coaat Timer tele- 
metry Verification Circuit. 

CU 1MC 

Large Probe 
T imer 
Ver ificatjon 
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APPENDIX Ai TELEMETRY REFERENCE DATA (By 8/C Subsystem Grouping) 


SUBSYSTEM! (A. 7) Communication! 


TM 

MNE- 

MONIC 

TELEMETRY 

TITLE 

TM 

TYPE b 
(UNIT8) 

TELEMETERED RANGF. 

— 

POWER 

SOURCE 

SOURCE DERIVATION 
AND REMARKS 

RAGC1V 

Reoetver 1 
Automatic Gain 
Control 

AN 

(dBm) 

90 Counte - -182.0 dBmi 
205 Count* • -70. 0 dBm. 

Essential bus to 
(fuse* to power con- 
verter to +9V b -6V 
line* In RCVR 1). 

Resistive voltage divider at output 
of active AOC loop filter in RCVR 1, 

RAGC2V 

Reoelver 2 
Autoroatlo Gain 
Control 

AN 

(dBm) 

90 Count* > -152.0 dBmi 
201 Count* - -70.0 dBm. 

Essential bus to 
((Uses to power con- 
verter to +9V A-6V 
lines In RCVR 2). 

Resistive voltage divider at output 
of active AGC loop filter in RCVR 2 , 

RAM PIT 

Power 
Amplifier 1 
Temperature 

AC (°F) 

38 Count* " -298°F 
2 1 5 Count* » +212°F 

Sw. load* bus to 
DIM3 b precision 
1. 0 mtlUamp output. 

Thermistor, P/N 908883-4. 

RAMP2T 

Power 
Amplifier 2 
Temperature 

AC (°F) 

38 Counts - -288°F 
215 Counts - +212°F 

Sw.load* bus to 
DIMS b precision 
1.0 mlUlamp output. 

Thermistor, P/N 906683-4. 

RAMP3T 

Power 
Amplifier 3 
Temperature 

AC (°F) 

38 Count* » -298°! 

2 1 6 Count* - +212°F 

Sw. loads bus to 
DIM6 ti precision 
1. 0 mllltamp output. 

Thermistor, P/N 908663-4. 

RAM PIT 

Power 
Amplifier 4 
Temperature 

AC (°F) 

38 Count* - -298°F 
2 1 5 Counts « +212°F 

Sw, loads bu3 to 
DIMS b precision 
1.0 mlUlamp output. 

Thermistor, P/N 908683-4. 

RAMPIV* 

RF Power 
Output 1 

AN 

(Watte) 

90Counta - 6. 5 Watts; 

217 Counts >11. 6 Watts, 

Transmitter RF bu? 
to (fuses to series 
reg. In power amp 1 
unit). 

RF plotcup probe, rectified by a 
diode and amplified In Power Amp 1 
Unit. 

■ 

RF Power 
Output 2 

AN 

(Watte) 

53 Cot <ts - 6. 5 Watte; 

200 Count* - 12. 0 Watt*. 

Transmitter RF bus 
to (fU*e* to series 
reg. In power amp 2 
unit). 

RF plokup probe, rectified by a 
diode and amplified la Power Amp 2 
Unit. 
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APPENDIX Ai TELEMETRY REFERENCE DATA 


SUBSYSTEM) (A. 7) CommunloaUoi i 


TELEMETRY 

TITLE 


TM 

TYPE b 
(UNITS) 


TELEMETERED RANOE 


AMP3W RF Pov’er AN U4U Counts - 6. 5 Watts; 

Outputs (Witts) E 1 7 Counts ■ 1 1 . 7 vV-tts . 


IMP4W RF Power 
I Output 4 


AN 6»Counts - 6. 5 Watts; 
(Watts) 21i Counts” U. 8 Watts. 


SPEIV Receiver 1 AN •). n Counts ■ +200. 0 kill) 

Static Phase (kHz) <!0 1 . 9 Counts - - 700. 0 kHz. 
Error 


IPE2V Receiver 2 AN 3J . 8 Counts - +200. 0 kHz; 

Static Phase (kHz) 20 9,+ Counts “ -200 kHz. 

Error 


VCOIT Receiver 1 VCC AC (°F) H2 Counts - -22°F 

Temperature 17L4 Counts ■ +158°F 

VC02T Receiver 2VCO AC (°F) IRJCounts - -22°F 


Temperature 


llllarv Oscillator 


17*1 Counts - +176 F 


1 17SS Counts - +176°F 



POWER 

SOURCE 


(By S/C Subsystem Groupie., 


SOURCE DERIVATION 
AND REMARKS 


Transmitter RF bus RF pickup probe, rectified by s 
to (fuses to series diode and amplified In Pm r Amp 3 
reg. In Power Amp Unit. 

3 Unit). 

Transmitter RF bus RF pickup probe, rectified by a 
to (Rises to series diode and amplified In Power Amp 4 
reg, in power amp Unit. 

4 Unit). 

Essential bus to Resistive voltage divider at output 
(fuses to power oon- of sotive loop filter In RCVR 1, 
verter to +9V b-8V 
lines In RCVR 1). 

Essential bus to Resistive voltage ul tder at output 
(fuaea to power oon- of active loop filter in RCVR 3. 
verter to +9VS-6V 
lines In RCVR 2). 

Sw. loads bus to DIM Resistor, P/N TI RTH - 42. 

3 b precision 1.0 
miHlainp output. 

Sw. loads bus to DIM Resistor, P/N TI RTH - 42, 

5 & precision 1 0 
mllll si ip output. 

Sw. loads bus to DIM Resistor, P/N TI RTH - 42. 

3 b precision 1. 0 
mllltamp output. 


12,7 Counts - -22°F 

Sw. loads bus to DIM 

Resistor, P/N TI RTH - 42. 

179 Counts - +178°F 

S b precision 1.0 
mllltamp output. 
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APPENDIX Ai TELEMETRY REFERENCE DATA (By S/C Subsystem OroupUif) 

SL'BSYSTEMi (A, 7) Communications — — — — — — 


TM 

MNE- 

MONIC 

TELEMETRY 

TITLE 

TH 

E 

■UiSiBl 

TELEMETERED RANOE 

POWER 

SOURCE 

SOURCE DERIVATION 
AND REMARKS 


Receiver 1 
Phase Look 
Statue 

1)1. 

(None) 

0 = Not Looked) 

1 = looked. 

Essential bus to 
(fuee to power con- 
verter to +9V t-#V 
In RCVR l). 

Resistive volley* divider driven by 
LM 10 9 A triaser olroult In RCVR 1. 

(I.OK2S 

Kcoelver 2 
Phase I,ock 
Status 

BL 

(None) 

0 a Not Looked) 

1 = lacked. 

Essential bus to 
(fuse to power con- 
vertor to *»Vti-6V 
RCVR 2). 

Reals'.." • g* dtv. .cr driven by 

IM ivS/ t. g ye olroult In RCVR 2. 

RCOH1S 

Exciter 1 
Inhlblt/Ksstore 
Coherent Mode 
Status 

BL 

(None) 

0 5 Restore) 

1 E Inhibit. 

Transmitter bus to 
(fuqe t > power con- 
vene to +9V & -8V 
In &cb'ter 1), 

State of S/R Flip-flop In Exolter 
oontrol module In Transponder 1. 

ncoHLs 

Exciter 2 
Inhlblt/Reatore 
Coherent Mode 
Statue 

BL 

(Nono) 

0 B Restore) 

1 = Inhibit. 

Transmitter bus u. 
(fuse to power con- 
verter to +9V t-OV 
In Exolter 2). 

State of 8/R Flip-flop In Blotter 
control module In Transponder 2. 

■ 

Exolter 
ON/OF K 

ni, 

(None) 

0 a OFF) 

1 5 ON. 

Transmitter bus to 
(fuse to power con- 
verter to ♦9V In 
Exolter 1). 

Resistive voltage divider In CMD 
Interface module In Transponder 1. 

■ 

Exotwr 2 
ON/OFF 

BL 

(None) 

0 ■ OFF) 

1 ■ ON. 

Transmitter bus to 
(fuse to power con- 
verter to +9V In 
Exolter 2). 

Resistive voltage divider In CMD 
Interface module In Transponder 2. 

RRCVHS 

Receiver Havers 
/Normal Switch 
Position 

m 

1 • Reverse (aft omnl to RCVK It a deapun 
antenna to RCVR 2)t 

o s Normal (aft omnl to HCVR 2)i a deapun 
nnlonna to RCVR 1). 

Essential bus to 
(fuse In swttoh 
driver). 

State of B/R flip-flop In swttob 
driver, Intended to Indloato state of 
DPDT RF transfer switch between 
rooelvers and antennas, (See Note 2 









































APPENDIX Ai TELEMETRY REFERENCE DATA 


K> SUBSYSTEM! (A . 1 , Corr.ffiur.lcatlon* 


TM 

MNE- 

MONIC 

TELEMETRY 

TITLE 

■TSSEejI 

TELEMETERED RANCH 

POWER 

SOURCE 


Exciter 1/1 
Switch Poaltlon 

BL 

(Nona) 

0 s Exciter 2 Selected! 

1 • Exciter 1 Selected. 

Eaaestfai hue, to 

Ifuae In awltoh 
rlrlmi 

ItAMPIS 

Arr.p 1/2 to HI/ 

low luwtr 
Statu* 

bl 

IN CO*) 

0 * Amp 1 to It, power mtp/t IIm (i <IH 

Hyhrt'l/i Amp 2 tc Lew Power 
crjtput line/, 

1 ■ Arr.p 2 to HI power output II rf ; Amp 1 

to 1/, power output IIm. 

Ka-emlal hua, to 
(Fuse in ewlteh 
driver/. 

1 

Amplifier 1/4 

"witch 

Poaltlon 

BL 

(Nom / 

Cl » Amp 4 Select*'!* 
1 • Amp 3 Selected. 

I.aaentlal bua, to 
(Fuae In twtteb 
driven. 

RANT IS 

Hi/l.o Pwir 
to At f or (H-r 
rwn OMNI/ 
Slat .« 

gn 

0 • La l^rwer output line to Aft Or.M) 

HI Power output Hm to Horn „ r Wli 
enter, n*. 

1 a in power crjt|/it line to Aft Omni) 

fo I Newer output line to H-.rr, or 2 Wp 
Antenna, 

Eeeestlai true, to 
I rue* In • witch 
drlvar). 

R ANTIS 

* WU OMNI/ 
Horn .Switch 
ill or. 

BL 

(Nom) 

0 ■ HORN 

1 a FWD OMNI 

EtaaotlaJ faua, to 
(Fua* in awltoh 
drlvar). 


S/C Subiyatem Orouptof) 





































APPENDIX Ai TELEKETKY RtmZHCE DATA 


RUBSYSTEMt (A. 8} Po»*r 


TM 

M,‘T- 

Monc 

TELEMETRY 

TITLE 

PHI PIT 

Battary 1 Pack 
1 Trmp*ratur* 

PB1P3T 

Batury 1 Pack 
2 T«mp*ratura 

PB2P1T 

Batury 2 Pack 
1 Tamparatur* 

PB2P3T 

Batury 2 Pack 
2 Tatnparatur* 


Batury 1, 
Ralay 1 HUtua 


PfllfUR Dietary ?, 

Rally I HUtua 


Batury 1 
Tarmlnal 
VolUf* 



TM 

TYPE l 


TELEMETERED RANOK 


41 CounU * «7b°F 
14 1 CounU » »3a«P 


41 CourrU - «7',°F 
1 4 '1 CounU • «32®F 


41 CounU * «7<.°F 
141 CounU • *32°F 

41 CounU • •V.°t 
141 CounU - ala 0 !' 


0 • Lo Charg* StlaoUd) 

1 • III Charg* S*l*«Ud, 


0 * Lo Chart* Ralrctadj 

1 • HI Chart* Sclccud. 


an o counu -ovrx: 

(Volta) IV, Cointi * Vr.Vl VK, 


POWER 

SOURCE 


(By fc'C atsLayiUm Oreoptag) 


HOtTRCE DERIVATION 
AND REMARKS 


R». loarfa bua to D4M 7h»nnl*tor ( PC8635-4. 
1 h praotalon 1,0 
mlUtamp output. 

Rw. loada bua to UM Tbarmlator, NN1K 
6 1 praotalon 1.0 
mllliamp output. 


9w. load* bua to DIM 
1 i praotalon 1,0 
milllamp output. 

R*. loada bua to DIM 
0 <> praolalon 1.0 
mil 1 1 amp output. 

BatUry 1 or boot! 
oharfa array 1 dowry 
atrvam of K1 i K2 
w1p*r arma In ehg/ 
dlachg coot rot la r 1, 

BatUry 3 or booat 
chart* array 3 dew* 
alraam of K! L K2 
wlpar arma In ch|/ 
dtacht controilar 3, 

Batury 1 or booat 
chart* Array 1 
downatraaro of 
awtuhlnf ralaya In 
charfa/dlaoharf* 
oontroUar 1. 


Tbarmlator, 108*38-4. 


Tharmlator, *08*38- 4. 


Raalatlv* dlvldar, batiaao HI Ur- 
mlnal o I mm pola of DPDT latobloc 
r*lay (K3) la obarga/dladfearft 
ooetrollar 1 and altaal t round. 


Raalatlv* dltrldar, batwa aa HI Ur- 
rr.lnil of on* pola of DPDT latohlnt 
r*l*y IKE) la charga/diaobarg* oon- 
troUar 2, and alfnal ground. 


Raalatlv* dlvldar, batwuao por'ttv* 
Urmlaal of BatUry 1 * atg&ai 
(round. i 


I y 


*©* VO^SfSRl 

















APPENDIX At TELEMETRY 


I it SUBSYSTEM! (A.S) Power 


illB 

rnsa 

TELEMETRY 

TITLE 

TM 

TYPE * 
fUNTTS) 

TELEMETERED RANGE 

■ 

Battery 2 
Terminal 
Voltage 

AN 

(Volte) 

0 Count* - 0 VDC 

IV* Count s • 39 . r #2 Volt*. 

H 

Battery 1, 
Relay 2 Statue 

1)1. 

(None) 

0 a Lo Charge Reteoted; 

1 e III Charge Selected. 

| 

Battery 2, 
Relay 2 Statue 

BL 

(None) 

0 B Lo Charge Selected! 

1 • HI Charge Ssleoted. 

I 

Primary/ 
Secondary 
Propulsion 
Ter* Heater* 
Status 

Bl. 

(Noee) 

0 a Seoondary heaters selected! 

1 a Primary heaters selected. 

1 

Switched Loads 
But Reset 
Relay States 

BL 

(None) 

0 • Switched toads t'V/OL Relay has 

tripped Bus OF). 

1 a Switched loads UV/OL Relay baa not 

tripped (Bus ON). 

PLIW18 

Bus Limiter 1 
Enabis/Dlsabia 

BL 

(Non*) 

0 a Disabled! 

1 a Enabled, 


CRENCE DATA (By l/C Subsystem Oroeptng) 



POWER 

SOURCE 

SOURCE DERIVATION 
A ro REMARKS 


SB 

Resistive divider, between pool It vn 
terminal of Battery 2 S signal 
ground. 


Battery 1 or boost 
chsrgs array 1, 
downstream of K1 A 
K2 wiper arms In 
ehg/dtschg, 
controller 1, 

Resistive divider, between HI ter- 
minal of one pole of DPDT latching 
relay (XI) la ebarga/dteohargt 
controller 1, and signal ground. 


Battery 2 or boost 
eharge array 2, 
downstream of K! 4 
K2 wiper arms In 
obsrge/dlaohargs 
oootrollsr 2. 

Raalatlve dlvidar, batwean HI ter- 
minal of on a pola of DPDT latching 
ratty (Kl) In charga/dtaotterg* 
oootrollsr 3, and signal ground. 


Essential bus, 
downstream of 
heaters ssleot 
relay. 

Raalatlve divider between power 
tine to primary beater* (4 spate earn 
of fuaee) and el gnat ground (it PIU), 


Switched loads bus 
downstresm of UV/ 
OL switch (K2). 

Restetlva divider between terminal 
of one pola of DPST (Normally 
oloaad) latohlng relay (K2) ooo- 
trolled by UV/OL trip airmail, and 
signal ground. 





!Mf 

•Off* 

H?f 

! 


m 

i 


•8 

© 

» 


El 


EC, 


Essential bus (Mils Resistive divider, betwee n itrnlMl 
array output). of SPBT latching relay aod signal 

grotmd, la Baa Ualter L, 






































APPENDIX Ai TELEME'TtY REFERENCE DATA 


(B f i/C Bebeyetem a rouping) 


SUBSYSTEM) (A.»| Pow or 


TM 

MNE- 

MONIC 


TELEMETRY 

TITLE 


Solar panel 
Current 


TM 

■SEseI 

TF.I EMETERED RANOE 

AN 

(Amp*) 

0 Count* -0.(1 Amp*i 
250 Count* • -IS. 0 Amp*. 

BL 

(None) 

(i i Redundant (elected In Controller *1, 
1 ■ Prlmtry t*l*ct*d In Controller *1. 

Bl. 

(None) 

0 * Redundant t*l*ct*d In Controlltr #2. 

1 * Prlmtry (elected In Controller #2. 

BL 

(None) 

<J S XMTR but IV/OL Relty bar tripped 
But OK); 

1 3 XMTR bun UV/OI. Relay hti not 
tripped (But ONi. 

III. 

(None) 

0 • Science I tut t’V/OL ht* tripped But OF! 

1 n Science But l'V/()[, Relty hit not 

tripped (f*j» O.V,. 

AN 

Mmp«) 

0 Cou/tU • 0 Amp* 

2 Cou/iU *1(1 Arnp« 

BL 

(None) 

0 e OI F (I V/OL (jjfln bypttted; ill buaet 

ON). 

1 5 ON (UV/OI. Ingle oootrolt ON/OE7 

•ttte for etch of three bueet). 


POWER 

SOURCE 


Ettenlitl bun tt 
output of main 
trrty. 


SOURCE DERIVATION 
AND REMARKS 


Duel SO nV current (bunt and • 
hybrid dKterenttel amplifier. 


FitcntJal bue down- Reetatlve divider, between output at 
tlretm of primary Primary Otaobarge Regulator end 
ditchers* regulator Signal Ground fin Cb*r(*/D 1 »cLars* 
In Cbarga/Dliohargi Controller *1). 

Controller 01. 


Eit-ntl*! but down- 
etreim td prlmtry 
dltcbtrge result tor 
In Charga/Dlaobarg 
Controller *2. 


XMTR Bue, down- 
ttretm at UV/OL 
twitch <K3). 


itretm at UV/OJ. 
• Alton t'Kl). 


Science But, At, wn- 
•tre.im at UV/OL 
twitch. 


Ret l« tie* divider, between output of 
p.1 ntiy dleoborso resulotor It tlf- 
nel (round (In ebarge/dleobar** 
Controller *2), 


Ret It live divider betwee n terminal 
of one pole of DPST (normally 
oloetd) latching relay (K>) controlled 
by UV/OL trip circuit, and etsnal 
ground. 


Reelatlve divider between terminal 
of oie pole of DPST (normally 
doted) lttchlnf relay (XI) oootroUeC 
by I'V/C trip circuit, and tlgnal 
ground. 

rrutl so mV current (hunt and t 
hybrid differential amplifier. 

Tor DIM2i Ketltllve dlvlderbetweei 
ON terminal of SPST lttchlng Relay 
(KS) A tlgntl (round (In UV/OLtw. 
Unit), for Dolt i Separata realattee 
dividf r from atpre, nert totem# 


O 

0 


•?«a *ns8i 





































APPENDIX Ai TEI.KMETRY REFERENCE DATA 




SUBSYSTEM! (A,») Pc-*r 


TELEMETRY 

TITLE 


Hus Limiter 2 hi 
Enabled A a abl <• (None) 


I'Ll MSS Bua IJrnlter 3 HI. 

Enablr/Mtable (None) 


PLIM4S Bua Limiter 4 III. 

Enable/IAaable (Lon*) 


PLIMJS Bua Limiter i HI. 

I r, ihle/lJIaahle (I- one i 


TELEMETERED RANOE 


0 * MaaMe'li 

1 * Enabler), 


0 » Maable<|| 

1 ■ f.n abler). 


0 a LI a shied) 

1 e Enabled, 


0 ■ Maablr 'ij 

1 * Enabled. 


POtVER 

SOURCE 


(By S/C Subeytlera Grouping) 


SOURCE DERIVATION 
AND REMARKS 


Eaaentlal Bua (Vain Itealatlve divider, between terminal 
array outyAit) of SPST latching relay and signal 

ground. In Bua Limiter 2. 

Essential Due (Main Itealatlve divider, between terminal 
array output) of SPST latching relay and ctgnal 

ground, In Bua Umller 3, 

Eaaentlal Bua (Main Itealatlve divider, between terminal 
array output) of SI’ST latching relay and elgnal 

ground, in Bus Limiter 4. 

Eaaentlal Bua (Main Itealatlve divider, between terminal 
array output) of SPST latching relay and signal 

ground. In Bua Umller S. 


P LIMIT Due Voltage AN 

Limiter Current rAmpat 


PPAN1T Solar Panel AC (°K) 
Temperature 1 




Solar Panel AC (°Ej 
Temperature 3 


0 Counts *0.0 Atnpsi 
25« Counts « *12,0 Amps. 


ns Counts - -29*°! 
21 3 Counts • *212°F 


3* Counts ■ -29»°F 
an counts » *2i2°y 


Essential Bus (Main Dual SO mV current shunt and a 
array output to all hybrid differential amplifier. 
Bua Umlters). 

Sw. loada bua in DIM Platinum resistor, NNN-4, 

3 ( precision 1.0 
mlUltmp output, 

Sw, loads bua to DfM Platinum reetetor, 90 as 13- 4. 

7 L preclaloc ], 0 
mtlll amp output 


f i m 

I E!if 

B 8 s; g 

9 tit 


•*»a 
























APPENDIX Ai TELEMETRY REFERENCE DATA 


I 

Ul 


(By B/C Subsystem Grouping) 


SUBSYSTEM) (A, B) Power 


TM 

MNE- 

MONIC 

TELEMETRY 

TITLE 

«■ 

■beJs 3 s 1 

TELEMETEHED RANOF. 

POWER 

SOURCE 

SOURCE DERIVATION 
AND REMARKS 

■ 

Precbarge ON/ 
OFF Status 

BL 

(None) 

0 a OFFi 

1 • ON. 

Essential bus down- 
stream of 1 amp 
ourrent limited 
eadtch (In UV/OL 
Switch Unit), 

Resistive divider between output of 
1 amp current limited switch and 
signal ground (In UV/OL Switch 
Unit). 

PBU8U 

Spacecraft 
loads Currant 

AN 

(Atnpe) 

0 Counta >0,0 Ampa) 

268 Counta • +1 8.0 Ampa. 

Essential bus, Just 
upstream from fan- 
out to four buses. 

Dual 80 mV current shunt sod a 
hybrid differential ampllflsr. 


Battery 1 
Charge Cur rant 

AN 

(Amps) 

0 Ct*iste • 0 Am pei 
268 Counta >1.0 Ampa. 

At output of boost 
oharge array 1 1 
downstream of chg. 
switching relays In 
ohg/dlach controller 
*1. 

Dual 60 mV current shunt end a 
hybrid differential amplifier (la 
Charge/Dteobarge Controller 1), 

1 

Battery 2 
Charge Currant 

A" 

(Atnpe) 

0 Counta “ 0 Ampa; 

268 Counta >1,0 Ampa. 

AI output of boost 
oharge array 2, t 
downstream of chg. 
switching relays In 
chg/dlach,controller 
S2. 

Dual 80 mV current shunt and • 
hybrid differential ampllflsr (1 a 
ohsrge/dlscbsrge oootroller *2). 

PDIS1I 

flattery 1 
Discharge 
Cu r rent 

AN 

(Ampa) 

0 Counta » 0 Ampaj 
260 Counta * 12,0 Ampa. 

Battery 1 between 
Battery 1 L dlach. 
Regulator* In chg/ 
dlach controller SI, 

Dual 60 mV current shunt and a 
hybrid differential amplifier (In 
charge/discharge controller *1), 

1 

Battery 2 
Discharge 
Current 

AN 

(Ampa) 

0 Counta ■ 0 Ampa 
268 Counta - 12,0 amps. 

Battery 2 between 
battery 2 l dlach. 
Regs. In ohg/dleob. 
oonhroller *2, 

Dual 60 mV ourrent shunt and a 
hybrid differential amplifier (tn 
charge /disc barge oootroller #2). 



ee 

< 

w 

o 

0 


H- ■ 
OHO 
0 (A • 
W 
BE B 
O 9 
• 


o 

0 


8 


o 


!l 

• fofe 

k , % 

u»' 

s 

|CB 

























APPENDIX A! TELEMETRY REFERENCE DATA (By SIC Sub.y.t.m Grouping) 
SUBSYSTEM: (A. 8) Po«.r * 

i - - 1 1 1 1 » w n i i 1 i — ■ - ■ v 1 - 1 


ttc — 

MNE- 

MONIC 

TELEMETRY 

TITLE 

— TO - 

TYPE L 
(UNITS) 

TELEMETERED RANGE 

POWER 

SOURCE 

SOURCE DERIVATION 
AND REMARKS 

PEBUSV 

Eeeenttal flu* Voltage 

AN 

(Volt.) 

0 Oiur.t •• -ON olt*; 
i'A Corn t n * + 14.92 v . 

E.anntlal bu. (In 
UV/OL Switch 
Unit) 

For D1M3: R..l.tlv. divider 

b.tw.iri li.a.nttal bu. k aignal 
ground (In UV/OL Switch Unit), 
For DIMS: Separata r..l.tlv. 

divider Trom above, ttad to 
.am* point, a* for divider above 

3 HTAJS 

Ait Axial Jet Heater* 
ON /Of b 

HL 

(None) 

0 Ob b , 

1 ON. 

Keaential Bua, 
dow nil ream of 
two DPST relay* 
irt aerie* (heater 
•alact relay*). 

Ra.l.tlv. divld.r b.tw.an ter- 
minal of on* pole of DPST latch- 
ing relay and aignal ground 
(In Plli), 

PHTFJS 

Fwd Axial Jet Heater* 
ON /OF F 

FI L 

(None) 

0 OF F ; 

1 ON. 

E.a.ntlal Bu. 
down.tr. am of 
eingl. DPST r«- 
lay (h.at.r .r’.c 
relay). 

II 

PIHTKS 

Small Probe 1 Heater 
ON /OFT 

11 1. 

(None) 

0 OFF; 

1 ON. 

If 

" 

P2HTRS 

Small Probe l Heater 
ON /OFF 

BL 

(None) 

<1 • Off , 
1 ON. 

1 1 

M 

PJHTRS 

Small Probe 3 Heater 
ON/fFF 

» 1. 

(None) 

0 OF F . 

1 ON. 

" 

II 

PLHTRS 

Larg* Probe Heater 
ON/GFF 

11 L 

(None) 

0 Ol- F; 

1 ON, 

I* 

II 

PCHEKS 

Probe Gherkojt pr nrr 
ON /OFF 

Ml. 

(None) 

0 OF h , 

1 ON. 

Raaential Boa 
down* (ream of 
atngle 4* PST 
ralay (heater 
• elert relay). 

R.al.tlv. divld.r b.twa.n ter- 
minal of on# pol. of 4-PST 
latching relay and aignal ground 
(In HU). 


S action *o. iwndii 1 

Doc. lo. PC-403 

Orig. Issue Oats S/22/78 



APPENDIX At TELEMETRY REFERENCE DATA 


SUBSYSTEM! ,a a. Small Prat, 



.awuf 

TELEMETRY 
TIT LE 

■1 r ■ 

Ku*a! 

luIS55] 

TELEMETERED RANGE 

TOWER 

SOURCE 

PI PR 18 

Smell Probe 1 
Internal Power 
Relay 1 ON/OFF 

BL 

(Nona) 

OS Relay *1 not activated, 
lm Relay #1 activated. 

Switched Load* 
to DIM 4 4 
preeUloo 1.0 
mlllUmp output. 

P1PP.28 

Small Prob* 1 
Internal Power 
Relay 2 ON/OFF 

BL 

(Nonet 

OR Relay * 2 not activated. 
1 * Relay *t activated. 


P1BATT 

Small Probe 1 
Battery Temperature 

AC 

(°F) 

■■■I 

|M-' 

■ 

Small Probe 1 
Battery Heater Relay 
ON/OFF. 

BL 

(Nona) 

Ow No power to Rettery Raeter 
1'- Probe Internal power con- 
nected to thermoata.lraUy- 
oootrolled Battery Heater. 


SWF IT 

Small Probe 1 
AFT Shelf Temp #1 

|jg 

90 Count* - -29°F 
162 Ceui.ta - ♦116‘T 

Switched Load* 
Bu* » DIM 1 <■ 
praolalon 1.0 
mill lamp output. 

S1FW1T 

Small Probe 1 
FAfD Shelf Temp 41 


" 

f 1 


I 

U ) 
U> 


SOURCE DERIVATION 
AND REMARKS 


S tau at an* pol* at 4 PST Ratty 
*1 that I* po, trad hy g*a*otlal 
Bu*. Wh*o both not activated, 
Relay* IU*2 provide, la **rl at, 
Prob* Cbtokout Power to th* Prob* 
Bu*. Wtan *ltb*r Relay #1 or #S 
U activated, th* Prob* Battery It 
oo— oted to th* Prob* bu*. Wbac 
Relay #1 1* activated. on* pot* 1 a 
open-oirauttedj when relay la not 
activated, th* — pole I* *ignal- 


State of one pole of 4 P9T Relay 
12 that 1* powered by Ea**atlal 
Bu*. Whan both not activated, 
Relay* *1 b 12 provide, In aerie*, 
Prob* Checkout Power to th* Prob* 
Bu*. Wh*a *tth*r Relay #1 or 4S 
It activated, th* Prob* Battery 1* 
connected to th* Prob* Bu*. Whan 
Relay *2 I* activated, on* pole it 
opeo-olrcaited; wbea relay la not 
activated, the — pole It atgaal- 































APPENDIX Ai TELEMETRY REFER E NCE DATA (By S/C Subsystem Grouping) 

SUBSYSTEM: (A. 10) S^vall Probe 2 TM Vu Bus l*M(e) " 

~m 1 — ! TH I I POWER I SOURCE DERIVAT1 

TELEMETRY TYPE l TELEMETERED RANGE SOURCE AND REMARKS 

TITLE — 





TYPE l{ 

I (units) 


telemetered range 


SOURCE DERIVATION 
AND REMARKS 


Small Probe 2 
Internal Power 
Relay 1 ON/OFF 


Small Probe 2 
Internal Fower 
Relay 2 ON/OFF 


EL O'* Relay #1 not activated. 
(None) I ■ Relay #1 activated 


Small Probe 2 
Battery Temperature 


Small Probo 2 
Battery Heater Relay 
OX/OFF. 


Small Probe 2 
AFT Shell Temp #1 


3 a Relay * 2 not activated. 
I* Relay #2 activated. 



0« No poivor to Battery Heater 
l^Probo Internal power con- 
nected to thermoatatleal.’y- 
controtlsd Battery Heater. 


90 Count • - +3°F 
162 Counts +1 30°P 


90 Count* - *-12°F 
162 Count. - +123°F 


Switched X.oade State of one pole of 4 PST Relay 
to DIM 4 b FI that Is powered by Eieentlal 

precision 1. 0 Bus. When both not activated, 
mtUlamp output, Ralaye *1 t> 62 provide. In eerles, 
Probe Checkout Power to the Probe 
Lus. when either Relay FI or #2 
Is activated, the Probe Battery la 
connected to the Probo Bus. When 
Relay silt activated, ono pole la 
opon-clrculted; when relay la not 
activated, .he one pole la flgoal- 

__ grounded, 

" State of ono pole of 4 PST Relay 

*2 that le powered by Essentia! 

Bus. When both net activated, 
Relays *1 U *2 provide, In series, 
Probe Checkout Power to the Probo 
Bus, When either Relay FX or F2 
le activated, the Probo Battery la 
connected to th« Frobo But. When 
Rolny *2 is activated, one pole la 
open-ctroulted; when relay le sot 
activated, the one polo U elgnal- 
.. ■ — ... I, .. grounded. 

Switched Loads Thormlstor, 908631-32 


Switched Loads 
to DIM 1 it 
precision 1,0 
mlllUmp Q' tput . 

Science Bus to 
checkout Bus to 
Probe internal 
pwr, line to down- 
stream side of 
Eattery Heater 


State of Battery Heater Relay that la 
closed (provides prelie Internal pow- 
er to thermostatically controlled 
heater) prior te timer timeout, t 
open (no power) after timer timeout, 


Thermlttor, 908631-32 



r-s 


1880* Date 
















APPENDIX At TELEMETRY REFERENCE DATA 


(By S/C Subsystem Grouping) 


#» 

f 

U> 

w» 


SUBSYSTEM: 


. -nx 

tMNE- 

IMO.YIC 


IXJll Small 


TELEMETRY 
TITLE 


TYPE M 
(UMTS) 


YU Bui BUBd 


TELEMETERED RANGE 


POWER 

SOURCE 


SOURCE DERIVATION 
AND REMARKS 


P3PR1S 


Small Probe 3 
Internal Power 
Relay 1 ON/OFF 


BL 

(None) 


Os Relay #1 not activated, 
is Relay # 1 activated. 


Switched Loada 
to DIM 4 <i 
precision 1.0 
mllllamp output. 


State of one pole o( 4 PST Relay 
#1 that la powered by Eeaential 
Bua. When both not activated, 
Relaya a 1 & *2 provide, la acrlea. 
Probe Checkout Power to the Probe 
Bua. When elthor Relay #1 or *2 
la activated, the Probe Battery la 
connected to the Probe Bua. When 
Relay *1 la activated, ono pole la 
open-circuited; when relay la not 
activated, the one pole la signal- 
gr ounded. 


P3PR2S 


IP3BATT 


P3HTBS 


Small Probe 3 
Internal Power 
Relay 2 ON/OFF 


BL 

(None) 


s Relay # 2 not aotlvated. 
i Relay *2 aotlvated. 


Small Probe 3 
Battery Temperature 


AC 

(°F> 


Switched Loada 
tv DIM 1 & 
praclalcn 1.0 
mllllamp output. 


Stato of one polo of 4 PST Relay 
*2 that la powered by Eeaential 
Bus. When both not activated, 
Relays SI it #2 provldo, In series. 
Probe Chockout Power to the Probe 
Bi'S. When either Relay #X or #2 . 
Is activated, the Probo Battery la 
connected to the Probe Bus. When 
Relay #2 la activated, one pole la 
open-circuited; when relay la not 
activated, the one pole is signal- 
grounded. 


Thermistor, S0863X-32 


Small Probo 3 
Battery Heater Relay 
ON/OFF. 


BL 

(None) 


0*-No power to Battery Heater 
Is Probe Internal power con- 
nected ,o thermostatloally- 
controlled Batterv Hooter, 


Science Bua to 
checkout Bua to 
Probe internal 
p-wr. line to down- 
stream side of 
Battery Heater 
Relay 


State of Battery Heater Relay that li 
closed (provides probe internal pow- 
er to thermostatically controlled 
heater) prior to timer timeout. & 
opon (no powor) after timer timeout. 


S3AF1T 


Small Probe 3 
AFT Shell Temp #1 


AC 

(°F) 


90 Counts - -11.5°P 
162 Counte - +12l°F 


Switched Loada 
Bus to DIM 1 it 
precision 1, 0 
mllllamp output. 


Thermistor, 808631-32 


S3FW1T 


Small Probo 3 
FWD Shell Temp n 


AC 

(°F) 


90 Counte 
162 Counte 


-10°F 

4T26°F 
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g £0 
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0 


o 
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APPENDIX Ai TELEMETRY REFERENCE DATA 





TELEMETRY 

TITLE 


Large Probe 
Internal Power 
Relay 1 ON/OFF 

BL 

(Nonu) 

Large Probe 
Internal Power 
Relay 2 ON/OFF 

BL 

(None) 

Large Probe 
Battery Temperature 

AC 

(°F) 

Large Probe 
Battery Heater Relay 
ON/OFF. 

BL 

(None) 

Large Probe 
AFT Sholf Temp #1 


Large Probe 

FWD Shelf Temp #t 

AC 

(°F) 


TELEMETERED RANGE 


0 a Relay #1 not activated, 
1= Relay #1 activated. 


t Relay * 2 not activated, 
i Relay #2 activated. 


Os. No power to Battery Heater 
1 “Probe Internal power con- 
nected to thermostatically- 
controlled Battery Heater. 


64 counts” - 85°F 
263 counts “ +256 F 


^CE DATA {By S/C Subsystem Grouping) 

POWER SOURCE DERIVATION 

SOURCE AND REMARKS 

Switched Loads State of one pole of 4 PST Relay 
to DIM 4 L *1 that Is powered by Essential 

precision 1.0 Bus. When both not activated, 
mllllamp output. Relays #1 & #2 provide. In series. 
Probe Checkout Power to the Probe 
But. When either Relay *1 or 12 
is activated, the Probe Battery Is 
connected to the Probe Bus. Whsn 
Relay #1 Is activated, ono pole Is 
open'Clrcuited; when relay Is not 
actlvsted, the one pole Is slgnal- 

grounded. 

" State of one polo of 4 PST Relay 

*2 that Is powered by Essenttnl 
Bus, When both not actlvatod, 
Relays »14*2 provide, In series, 
Probe Checkout Power to the Probe 
Bus, When either Relay #1 or 12 
Is activated, tho Probo Battery ts 
connected to ths Probo Bus. When 
Relay #2 Is activated, one pole la 
open'Clrcuited; when relay la not 
activated, the one pole la slgnal- 
i — — grounded, 

wltchod Loads Thermistor, 908631-32 
0 DIM 1 Si 
reels Ion 1,0 

nllllamp output, 

Science Bus to Statu of Battery Heater Relay that li 
checkout Bus to closed (provides probe Internal pow' 
Probe lnte-nal er to thermostatically oontrollod 
powcrllnc to down- heater) prior to timor timeout, I: 
stream side of open (no power) after timer timeout. 
Battery Heater 


Thermistor, 908631-32 


90 Counts ■ -6°*„ 
162 Counts • +12$°P 
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APPENDIX A! TELEMETRY REFERENCE DATA (By S/C Subeyitem Grouping) 


SUBSYSTEM: 






TELEMETRY 

TITLE 


Small Probe X 
SN Window Hauler 


TELEMETERED RnNCE 

POWER 

SOURCE 

<1 = Heater Power OFF 
1 Heater ' jwer ON 

Probts Ikm 


SOURCE DERIVATION 
AND REMARKS 


Output of voltage dlvldet tbit I* 
connected between Window Keeler 
Power line fdownetreem at both 
polei of 2 PUT Nepbelometer 
window beater relay that la 
powered by C/DU Bui) and elgnal 
ground. / ».7» 













oa «otp»s 























SUBSYSTEM: 


Mi Larae Pro 


AP PCNDIX A i TE LEME TRY MMI 


PLBUHI 

largl, Prcbe 
Hua Current 

AN 

(Ampe; 

- 

PI.RUNV 

large Probe 
Rue Voltage 

AN 

(Volui 1 

PI.CDIS 

/large Probe/ f/W/ 
Power Relay • 1 

ok/ oi-r 

R1 

(None/ 

1‘LCiKX 

(Large Probe/ C/DU 
Power Relay *2 ON/oy f 

Rl. 

(Notiul 

I’lJtl’U 

(l,ar ge Probe/ kclenre 
Power Primary Relay 

ON/Ol f . 

III. 

(None. 

P1.RP2R 

(large Probe )N«lencn 
power Bee log/ Relay 

ON /DPT 

1>I. 

(None/ 


auunMf&w ■ rr T1 7T. 


TELEMETERED RANGE 


0 count* - 0.0 Ampe 


0 count • * o vrr 
210,1 couMa - 13.0 VIX" 


0 * Malay *1 activated 

1 - Malay • . activated 



0 • Malay »2 not activated 

1 ' Relay *1 lot I Vital 


Primary Relay nut activated 
Primary Relay activated 


0 * Backup Kalay not activated 

1 - Backup Relay activated 


Probe Rue 


SOURCE DERI VATIC 
AND REMARKS 


Voltage aero** ekuate U Hybrid 
Current Sea w r (MAC etOMOSi 


Praetaloo 1.0 
MlUlamp from 

C/DU 


1'JJT' 


Mata of one pole of 4 PST Relay «l 
that la powered by Probe Rea. Wba 
eotivned, Relay n provtdaa Probe 
Boa power to Ike C/DU, P eeeure 
O0ft, PCU C rol, Dt wladew 
beater retaya, sf a tdtey atem 
power rat ay, Wladew a Priam 
beater rMay, b kolaooe Primary 
* Seoendtry Retaya. Wbea Relay* 
le eetlvated, oat pole la opee> 
eirotdtodi wbaa rat ay U aot aau 


Il'TT^TT 


RUT’ 


Orig. Issaft Date 
Be vision Bo. 
































Zit-1 


SUBSYSTEM: ,a.WiUm 

MNE- TELEMETRY 

MONIC TITLE 

Pl.HTWS Window <i Priam 
Heater* tiN/oFF 


I'l.HTlS I, III Window Hotter tit 
SUMO ON OF I 


APPENDIX At TELEMETRY REFERENC E DA TA (Bv S/C Subiyitim Grouping! 

“ 1 r“ '. 1 1 *» 1 near* it-v 


TYPE k 
UNITS 


TELEMETERED RANGE 


III, I 0 Heater Power OFF 
(Nonet 1 •• llenlor Power ON 


III. 0 • III Window lloiter Power OFF 

(Nonet 1 III Window Heeler Power oN 


POWER 

SOURCE 


Probe Hue 


"SOURCE DERIVATION 
AND REMARKS 


output of voltage divider that Is 
connected between Window b Prism 
Heaters Power line (downstream of 
both poles of 2 P8T Relay that Is 
powertd by C/DU Bus) and signal 
ground. / 2. 7« It ohm t 

VM.Otl Jim/ 

( hitpui of voltage divider that Is 
Is oo needed between let Stage IR 
Window Hester Power lino (down- 
sirtam of both poles of I PST Relay 
that la powered by C/DU Bus) sad 
■ Inal around/ 9, 71 It ohm \ 

US . It E ohm > 


PI.HTSH l.lll Window Heater 2nd 
Huge ON /OFF 


I’I.RCVS I Rooolver ON 'OFF 


2nd Stage Window Heitor Relay 
not actlvnted 
2nd Stage Window tlaater 
activated aQri III Window Healet 
Power ON/ 


0 - Receiver Power OFF 

1 - Receiver Power ON 


Output of voltage divider tbst le 
connected between IR Window Heatet 
Power line (downstream ef both pole 
of 2 PST let Wag* window Heater 
Relay that la powered by C/DU Rue) 
end signal around./ >. Til k ohm i 

U4. M k otm./ 

Additional!* this TM tap point lealat 
oonnadsd to the dowastranm elds of 
ono pole of 2 PST 2nd Stag# Window 
Hester Relay that la powered by the 
C/DU Rue. Tbs tvotream aid# at 
this one pole la oonneotsd to 
. power around. 


Output of voltaga divider that 1a oon> 
nested between Resolver Power line 
(downstream of both poles erf I P*T 
Receiver Powet Relay that le power 
by Probe Bus) and Signal Orauad, 




PATA (By S/C Subeyetem Grouping) 


POWER 

SOURCE 


SOURCE DERIVATION 
AND REMARKS 


Preolelon 1,0 
Mill lamp from 

c/tn . 1 


Heeletor, P/NTI PTH-A* 


I'robo Internal KaalaUve voltaga dlvldor at output 
Hue to (fueee to of aotlve AOC loop tutor In tho 
pwr, ronv, to *9V raoelver, 

A -DV, lino* In tho 

reQelvon. 

Keeletlve Voltage dlvldor at output 
of aotlva loop tutor In the 


Kolenoe Jtuo to Praooure traaeduaer - rffeotlve 
I’robo Intnrnal "wiper arm" output of potentiometer 

Rue connected between Probe Internal 

Hue A Orotuid. 


Preolelon l.o 
MUilamp from 

C/»U 


iThnrmletor HAC *900821-93 


Preolelon 1,0 
Mllllamp from 

c/pu 


Tbermletor, HAC *289182 
(modified *289202) 


Science llue to Output of Unit CD1T In C/Dt!i a 
I'robo internal 2072 bit eerlal In/eerlal out ahlft 
Hue to C /HU l*wr, regleter 
Supply to +6VDC A 
-12 VDC linee 



ACI'E NDIX A: TELEMET RY REFERENCE DAT A Illy #/C Subsystem Grouping) 
SUBSYSTEM; (A. 14) Large 1'rohc TM Vln f'/TVr~fc i.nrg c T*~rnf>* Su)x*r rl«r (4102 lit) 

jr. mc r m f n range HowTii source derivation 

rt.lXMErt.KED RANGE SOURCE AND REMARKS 

20,7 count* * * I O' 1 ''! I 'reel* Ion 1.0 Thermletor, HAC *90*02-2 


TELEMETRY 

TITLE 


Temp, 


Stagnation Region Temp. \( 

( ‘ 


Vruetrum Itogh n lump, 


Ileal Shield lleckfuce 
Temp. 


lyraa” 

TELEMETERED RANGE 

KOWKR 

SOURCE 

A( 

20. 7 count* • * 1 On 0 ! 

I'rcetelon 1.0 

i °> i 

24* counts -40°t 

Mllllamp (rum 

c/m; 

\( 

o count* ' l/'t 

Generates 

i °ti 

count* M w.°y 

own voltage 


o count* - • Ig"*' 

24 h counts ■ * 24 l h°K 


s l count* ' - I oo°i 
200 count* .■) I h° ) 


|Thermocoupl«, 0KM7C61MS01 
Thermocouple, GE* 47CS1043OS 


Resistance Thermometer, 
UK • 47C515IIOOGI 


SB SB 

2 2 

§ : I 

P D 


Th«rmoooupU' 
Junction Tump* 


Orig. Issue Date 


















I OTB 1: 


BOTE 2: 


BOTE 3: 


Section Bo. Append!* A 

d°c. bo. , rc-sgj 

Orig. Issue Date S/22/78 
Revision Bo. _ 


Revision 


■OTBS 


AR * Analog * 8 Bits 
Bl. * Bilevel - 1 Bit 

SD *• Serial Digital (Various anabers of Bits) 


All analog telenet ered ranges are 0 connts to 
255 connts. The data shown are the aaxinua and 
aininua points of actual calibration data used 
in the Bultiprobe TH Conversion Handbook. 
Reference: Paragraph 1.5.16. 


Blip-flop resets for pour source OPP condition, 
whereas BP Xfer switch reaains latched to last 
conn and ed state. 


A-A5 



Section Bo. Appendix B 

Doc. Ho. ...EfcAgj 

Orig. Issue Date 5/22/7B 
Be vis ion Bo. 


Bevision 


APPEBDIX B 


TELE9ETBI BBFKBEBCE DATA 
(HHEHOHICS IB ALPHABETICAL OBDEB) 


B-1 



•I 'IX I : iK, EWETRV I'EKERENOE DATA 

Ei\ ,r \l(.i IN ANP.IAr'.ETK.A:. ORDER) 



Orlg. Issue Date 5/22/78 ORIGINAL PAGE IS 

Revision lo. OF POOR QUALITY 

Revision 
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APPENDIX H; t'ELKME I RY REFERENCE DA I A 
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TOURS 3.1. 1.1*1. MULTIPROBE GENERAL ARRANGEMENT 
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